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PREFACE 

This  treatise  is  prepared  exclusively  for  the  use  of  beginners 
and  for  those  who  wish  to  teach  beginners,  or  as  a  handy  refer- 
ence-book for  busy  men  whose  excess  of  knowledge  and 
experience  causes  them  sometimes  to  forget  their  early  lessons. 
Still,  the  author  must  appeal  to  the  good-natured  forbearance  of 
the  reader,  on  account  of  the  many  shortcomings  and  imperfec- 
tions of  this  little  work.  He  has  found  great  difficulty  in 
compressing  into  the  space  at  his  disposal  even  the  briefest 
reference  to  many  subjects  which  have  to  be  noticed  in  an 
elementary  treatise  on  Practical  Mining.  He  has  also  found 
it  hard,  in  the  midst  of  his  practical  engagements,  to  find  time 
for  any  literary  work. 

He  would  like,  however,  to  assure  the  reader  that  he  has  not 
ventured  into  print  without  endeavouring,  so  far  as  it  was  possible 
to  him  by  long  years  of  labour  and  study,  to  prepare  himself 
for  the  task.  He  has  had  thirty  years'  experience  in  practical 
mining,  and  has  been  officially  connected  with  mines  as  consulting 
mining  engineer,  colliery  manager,  and  surveyor  in  Yorkshire, 
Derbyshire,  Nottinghamshire,  Leicestershire,  Warwickshire,  South 
Wales,  North  Wales,  and  Staffordshire.  He  has  also  from  time 
to  time  inspected  mines  in  Lancashire,  Durham,  Northumberland, 
Devon,  Anglesea,  and  Scotland ;  and  has  visited  many  mines 
abroad  in  France,  Germany,  Austria,  and  in  the  United  States 
of  America.  He  is  not  only  acquainted  with  coal-mines,  but 
has  experience  of  mines  of  clay,  stone,  iron,  lead,  zinc,  copper, 
tin,  gold,  silver,  and  slate.  For  the  last  twenty  years  he  has 
been  responsible  manager  of  coal-mines,  and  for  the  last  sixteen 
years  instructor  and  professor  at  the  Yorkshire  College.  He 
has  had  charge  of  rather  difficult   sinking   operations,  and   has 
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made  with  his  own  hand  the  working  drawings  for  most  kinds  of 
plant  and  machinery  required  at  a  colliery ;  and  has  had  to  fix 
the  price  of  all  kinds  of  labour  at  collieries.  He  has  also 
worked  as  a  miner  both  at  coal-getting  and  sinking.  Therefore, 
whilst  he  is  glad  to  quote  other  engineers,  and  to  use  their 
published  drawings,  he  is  able  to  check  from  his  own  experience 
the  statements  which  he  sees  in  print. 

As  a  member  of  numerous  Institutes  of  Mining  Engineers, 
of  the  Geological  Society  of  London,  the  Institutions  of  Civil 
Engineers  and  Mechanical  Engineers,  and  other  scientific 
societies,  he  has  access  to  all  the  most  recent  and  best  infornia- 
tion  on  mining  matters ;  and  he  has  derived  great  assistance  from 
the  records  of  the  proceedings  of  these  institutions,  and  from  the 
books  of  many  able  writers.  He  has  found  it  convenient,  as  a 
means  of  saving  time  and  labour,  to  make  use  in  many  cases  of 
the  drawings  contained  in  these  proceedings  and  books,  though 
a  great  part  of  the  six  hundred  illustrations  are  from  his  own 
original  drawings  and  photographs.  He  wishes  to  thank  the 
authors  of  papers  and  of  books  who  have  kindly  permitted  him 
to  make  reductions  of  their  drawings,  or  who  have  specially  given 
him  information  or  opinions,  viz.  Messrs.  T.  Forster  Brown,  A. 
L.  Steavenson,  Wm.  Galloway,  Reuben  Smallman,  E.  Reumaux, 
Professor  Oscar  Hoppe,  Dr.  C.  Le  Neve  Forster,  and  many 
others,  some  of  whom  are  specially  acknowledged  in  other  pages. 

His  object  in  calling  attention,  not  only  to  his  own  long  and 
varied  labours,  but  to  the  gentlemen  above  named,  whose 
individual  experience  is,  as  regards  some  of  them,  much  greater 
than  his  own,  and  who  are  specialists  of  specialists  on  the 
subjects  on  which  they  have  been  consulted  for  this  little  book, 
is  simply  to  let  the  comparatively  inexperienced  reader  who 
may  look  at  these  pages  know  that  he  has  the  benefit  of  the 
knowledge  obtained  by  others  with  unstinted  labour;  and  if 
the  reader  should  think  that  on  some  subjects  the  information 
given  is  not  as  full  and  complete  as  he  would  like,  let  him  reflect 
that  any  one  of  fifteen  out  of  the  twenty-four  subjects  to 
which  a  chapter  is  given  in  these  pages  would  require  for  its 
complete  and  masterly  treatment  a  book  as  large  or  nearly  as 
large  as  this. 
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Page  165,  line  3  from  top, for  "Canon"  read  "Cannock.'' 
„    224,  line  14  from  top,_/»r  "  van"  read  "  fan." 
,,    239,  Table  XI.,  line  8  from  top,  insert  "ith." 
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being  respectively  about  2,  I  "I,  and  3,  the  relative  rates  of 

diffusion  will  be  about  as  — I „„j    -I_,  or  as  071, 

v  2    v  i/i  V  3 

0-95,  and  0-58,  or  as  71,  95,  and  58. 
,,    338,  line  6  from  bottom,  for  "  and  "  read  "  of." 
,,    360,  Fig.  481,  insert  "4"  before  "  hauling-engines." 
,,    472,  line  14  from  top,  for  "463  ;'  read  "  464." 
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CHAPTER   I. 

GEOLOGY. 

The  term  "  mining  "  is  often  employed  to  describe  all  engineering 
works  below  the  surface  of  the  earth,  but  in  this  treatise  the 
term  will  only  include  those  underground  operations  which  are 
made  in  the  search  for,  or  the  extraction  of,  minerals.  For  the 
due  understanding  of  mining  it  is  necessary  to  know  something 
about  the  structure  of  the  earth. 

Shape  of  the  Earth. — The  earth  is  like  a  cricket-ball  in 
shape,  except  that  it  is  somewhat  flattened  at  two  opposite  parts, 
called  poles.  Midway  between  the  poles  is  the  equator.  The 
diameter  at  the  equator  is 
26£  miles  greater  than  the 
diameter  at  the  poles ;  the 
average  diameter  is  7912^ 
miles. 

The  diameter  at  the 
poles  is  thus  only  shorter 
than  that  at  the  equator 
by  -sfa  of  the  maximum 
diameter.  If  a  section  of 
the  earth  is  represented  by 
a  circle  3  inches  in  dia- 
meter (see  Fig.  i1),  the 
difference  between  the  two 
diameters  could  hardly  be 
shown  without  a  magnify- 

,  _.  -  1  Fig.  i. — Section  of  the  earth. 

ing-glass.  Therefore,  when 

using  an  ordinary  pencil  or  drawing-pen  to  represent  a  section  of 
the  earth  on  such  a  small  scale,  it  is  best  to  treat  the  earth  as 
if  it  were  truly  spherical,  and  a  section  of  it  as  if  it  were  a  true 
circle  (see  Fig.  1),  and  so,  also,  it  may  be  regarded  for  all  the 
purposes  of  practical  geology. 

2  This  figure  is  less  than  3  inches  in  diameter. 

•1-  B 
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The  surface  of  the  earth  is  rough,  the  greater  part  being 
raised  into  hills  (sometimes  mountains),  or  depressed  or  eroded 
into  valleys.  The  deeper  valleys  are  generally  filled  with  water, 
forming  lakes,  seas,  and  oceans.  The  highest  mountain-tops 
in  the  world  do  not  exceed  6  miles  in  height  above  the  sea- 
level,  and  the  depth  of  the  deepest  valley  in  the  ocean  probably 
does  not  exceed  6  miles;  so  that  the  height  from  the  topmost 
ridge  to  the  deepest  furrow  in  the  earth's  surface  is  about  12 
miles,  or  about  ^-5-  part  of  the  diameter  of  the  earth.  If  a 
section  of  the  earth  is  drawn  3  inches  in  diameter,  as  in  Fig.  1, 
a  fine  pencil  line  will  be  more  than  ^4i7  of  the  diameter ;  and  in 
the  thickness  of  such  a  line  will  be  included  the  highest  mountain 
summits,  and  the  deepest  valleys  of  the  Pacific  Ocean.  To  represent 
the  rough  surface  of  the  earth  on  such  a  small  scale,  it  is  necessary 
to  draw  a  fine  line,  as  in  Fig.  1.  The  bottom  of  the  deepest  mines 
and  bore-holes  on  the  earth  are  not  more  than  1  mile  below  the 
sea-level  (i.e.  surface  of  the  ocean),  and  on  a  section  of  the  earth 

3  inches  in  diameter  the  thickness  of  the  finest  line  that  a  fine 
pencil  can  draw  represents  a  greater  thickness  of  the  earth's  solid 
crust  than  has  been  seen  or  touched  by  human  eye  or  instrument, 
including  in  this  thickness  the  depth  from  the  highest  mountain- 
top,  not  only  to  the  bottom  of  the  deepest  mine,  but  5  miles 
deeper  still  to  some  yet  unfathomed  valley  of  the  ocean. 

Astronomers  and  mariners  have  taught  us  that  the  earth  is 
round ;  but  to  others  the  earth  seems  flat,  except  for  hills  and 
valleys.  If,  instead  of  drawing  a  section  of  the .  earth  .upon  a 
small  scale,  we  were  to  draw  it  out  to  a  natural  scale  or  real  size, 
we  could  not,  of  course,  find  'room  on  the  earth  for  a  drawing- 
board  of  sufficient  size  to  take  it  all  in,  and  we  should  have  to 
content  ourselves  with  delineating  a  very  small  part  of  the  earth. 
To  draw  a  section  of  the  earth  real  size  by  purely  mechanical 
means,  it  would  be  necessary  to  use  a  compass  with  a  limb  equal 
in  length  to  half  the  diameter  of  the  earth,  that  is,  nearly 
4000  miles,  but  by  trigonometrical  calculations  the  use  of  the 
compasses  is  unnecessary,  and  a  section  of  part  of  the  earth  could 
A  g-'  be  drawn    to   the   right 

i, —  1  Mile -:>i  curve  approximately  by 

means   of   a   scale  and 

straight-edge.    Ifalineis 

drawn  perfectly  straight 

,,,       „  ,  ,        . ,      \.     for  1  mile — say  from  the 

Fig.  2.— Curvature  of  the  earth.  x    _    ■    i.    a     ,      ^  •    ..   t. 

.  point  A  to  the  point  B 

{Fig- .  2)— and  another  line  is  drawn  from  the  same  point  to 
represent  the  curvature  of  the  earth's  surface,  this  second  line 
will  be  8  inches  from   the  line  A  B  at  the  point  B.      But   if, 
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instead  of  a  line  i  mile  long,  we  take  one  only  10  feet  long,  and 
draw  two  lines,  one  perfectly  straight  and  as  thin  as  the  finest 
steel  point  could  scratch,  from  the  point  C  to  the  point  D  (Fig.  3), 
and  the  other  line  to  repre- 
sent the  curve  of  the  earth   — '»f>*i -worker  1000  tt*t- 

from  the  same  point  C  in    o         ~         ~  5 

the   direction    D,   then,  if  a  ^-Flatness  of  the  earth. 

magnify ing-glass  were  used,  the  two  lines  would  appear  to  be 
identical ;  and  it  will  be  seen  that,  so  far  as  the  curvature  of  the 
earth  is  concerned,  the  surface  of  the  earth  is  absolutely  flat 
for  all  the  purposes  and  considerations  of  the  miner.  It  is  well 
that  this  should  be  borne  in  mind,  because  it  is  a  not  un- 
common error  with  people,  who  have  looked  at  a  section  of 
the  globe  drawn  to  a  small  scale,  to  imagine  that,  by  the  curva- 
ture of  the  earth  the  rocks  are  formed  into  a  natural  arch  which 
may  cause  them  to  bridge  over  large  excavations.  A  little 
trigonometrical  calculation,  however,  suffices  to  correct  any  such 
mistake. 

Composition  of  the  Earth. — Looking  at  Fig.  1,  the  re- 
searches of  the  geologist  reveal  little  or  nothing  as  to  that  part 
of  the  earth  which  is  within  the  thin  line  of  the  circumference. 
It  is  to  the  astronomer,  or  physicist  instructed  by  him  (paradoxical 
as  it  might  appear  to  the  unlearned),  that  we  must  appeal  for 
information ;  and  from  him  we  learn  that  the  weight  of  the  globe 
is  between  five  and  six 
times  that  of  an  equal- 
sized  body  of  water,  or 
that  the  specific  gravity 
is  say  5^,  water  being  1. 
We  also  learn  that  the 
earth  is  solid  for  a  very 
great  depth,  probably  for 
hundreds  of  miles ;  be- 
cause, if  the  earth  were 
fluid  to  within  a  short 
distance  of  the  surface,  it 
would  be  subject  to  tides 
as  the  sea  is  subject  to 
them,  and  the  movement 
of  these  subterranean  tides 
would  raise  and  lower  the 
surface  twice  every  day;  but  no  such  movement  has  been 
observed.  In  Fig.  4  the  earth  is  shown  in  section,  a,  b,  and  c 
represent  respectively  depths  of  about  140,  280,  and  790  miles; 
it  would  seem  probable  that,  if  the  interior  of  the  earth  were 


Fig  4.— Crust  of  the  earth. 
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fluid,  unless  the  solid  crust  reached  nearly  down  to  the  depth  c, 
it  would  daily  yield  to  the  influence  of  internal  tides. 

The  average  weight  of  the  earth  is  say  s£  times  that  of  water ; 
but  the  rocks,  as  found  on  the  surface  and  in  the  deepest  mines, 
average  about  i\  times  the  weight  of  water ;  so  that  the  rocks 
which  have  not  been  seen  must  exceed  the  average  weight. 

The  heaviest  iron  ore  is  5*3;  pure  iron,  8*14;  cast  iron,  7*2  ; 
copper,  8-6;  lead,  ii"36;  silver,  io"47;  gold,  18*4;  platinum,  21-53; 
aluminium,  2-56.  It  follows,  therefore,  that  the  rocks  of  the 
interior  of  the  earth  are  denser  than  those  at  the  surface,  or  else 
there  must  be  a  large  proportion  of  the  heavier  metals  to  make 
up  the  required  weight.  But  a  little  calculation  will  show  that 
the  substances  inside  the  earth  are  subjected  to  intense  pressure, 
which  would  tend  to  increase  their  density.  The  weight  of  the 
rocks  on  the  surface  is  equal  to  at  least  a  pressure  of  1  lb.  per 
square  inch  for  every  foot  in  depth;  thus  at  1000  feet  depth 
the  pressure  is  1000  lbs.  per  square  inch  or  more,  at  r  mile 
depth,  5000  lbs.  per  square  inch,  and  at  100  miles  depth, 
500,000  lbs.  per  square  inch  or  more;  but  the  hardest  steel, 
if  tested  in  small  cubes,  is  crushed  by  this  pressure ;  therefore  it 
would  seem  probable  that  the  materials  of  the  earth  at  this  depth 
must  be  more  compact  than  they  are  at  the  surface,  though  by 
chemical  analysis  they  might  appear  the  same  substance.  But 
the  amount  of  increase  in  density  is  an  open  question. 

Heat  of  the  Earth. — Numerous  observations  have  proved 
that  the  temperature  of  the  earth  is  greater  inside  than  the 
average  surface  temperature.  At  a  depth  of  50  feet  in  England 
the  temperature  of  the  earth  is  500  Fahr.,  and  60  feet  deeper  it 
is  5 1°,  and  so  on.  For  every  increase  of  60  feet  the  temperature 
increases  1°,  so  that  at  a  depth  of  1250  feet  the  temperature  is 
70°,  and  it  is  8o°  at  1850  feet  depth.  In  some  districts  the  rate  of 
increase  of  temperature  is  much  greater,  and  in  others  much  less. 

Hot  springs  of  water,  running  for  thousands  of  years,  prove 
that  in  some  localities  there  is  great  heat  below,  which  is  un- 
diminished by  the  continual  flow  of  water  through  these  natural 
boilers. 

Volcanoes  prove  that  in  some  localities  the  internal  heat  is 
so  intense  as  to  melt  the  most  refractory  materials  that  we  know. 
Geological  investigation  proves  that  volcanoes  have  existed  in 
most  parts  of  the  earth. 

Geology  a  Modern  Science. — The  science  of  geology  in 
some  respects  is  very  ancient,  and  we  inherit  the  benefit  of  the 
researches  of  practical  miners  and  scientific  men  who  were 
acquainted  with  the  structure  of  the  rocks  before  the  days  of 
Job ;  but,  in  its  modern  acceptation,  it  is  for  us  comparatively 
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new.  It  may  be  that,  even  in  this  regard,  we  have  only  redis- 
covered much  that  was  known  to  learned  men  of  the  East  in 
remote  antiquity,  the  records  of  whose  vast  learning  have  been 
destroyed  in  desolating  wars.  But  however  that  may  be,  it  is 
within  the  last  hundred  years  that  most  of  the  geological  maps 
of  the  earth  now  existing  have  been  made,  and  our  knowledge 
of  the  earth's  geological  history  (ponderous  as  are  the  volumes 
that  contain  it)  requires  many  more  generations  of  workers  for 
its  completion. 

Geological  History. — It  may,  however,  facilitate  some  geo- 
logical conception  if  we  imagine  that,  at  the  beginning  of  geo- 
logical history,  as  since  recorded  in  the  stratified  rocks,  the  surface 
of  the  earth  was  formed  of  hills  and  valleys,  of  dry  land  and  sea, 
and  that  the  surface  rocks  of  that  time  were  aggregations  of 
mineral  matter  of  the  kinds  which  are  frequently  called  igneous 
(or  fire-made)  rocks,  perhaps  similar  to  basalt,  greenstone,  granite 
(some  kinds),  trachyte,  obsidian,  porphyry,  amygdaloids,  volcanic 
ash,  pumice,  together  with,  it  may  be,  such  crystalline  foliated 
rocks  as  are  known  by  the  names  of  schist,  gneiss,  etc. ;  and 
in  some  forms  there  must  have  been  lime,  iron,  alumina,  carbon, 
phosphorus,  nitrogen,  oxygen,  and  all  the  metals,  minerals,  and 
gases  required  for  the  formation  of  the  rocks  which  are  now 
visible.  Then  a  process  of  destruction  would  attack  the  solid 
surface.  Rain,  wind,  sun,  frost,  glaciers,  streams,  rivers,  waves 
of  the  sea,  chemical  action,  animal  and  vegetable  action,  would 
wear  down  the  hills,  and  the  fragments  would  be  carried  by  the 
streams  into  lakes  and  seas,  and  be  there  deposited  in  beds  which 
would  gradually 

reach    a    thick-       ""XVfj^T^gl^  i ~b_ 

ness  of  thou- 
sands of  feet, 
and  consolidate 
into  sandstone 
or    shale     (see 

■FJS"       S)>       with     Fig.  5.— Original  rocks  and  stratified  rocks,    a,  original  surface  of 
toViiVVi   mio-Vir   hp  the  earth  ;  i,  surface  of  sea  water  :  c,  stratified  rocks  formed  by 

WU1U1  MligLil    uc  dibrisfroma. 

mixed  lime  de- 
posited from  the  sea;  separate  beds  and  masses  of  limestone 
might  also  be  deposited  in  the  sea,  also  rocks  of  other  materials, 
such  as  silicates,  might  form  as  a  crystalline  deposit  in  the  sea 
owing  to  some  change  of  temperature  or  chemical  constitu- 
tion. When  first  the  seas  were  condensed  upon  the  surface  of 
the  earth,  they  may  have  been  boiling  hot,  and  have  contained 
minerals  in  solution  subsequently  deposited  in  rock  formations. 
It  is  also  conceivable  that  the  first  seas  were  of  fresh  water, 
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becoming   gradually   impregnated   with   salt    brought    down   by 

rivers.  „     •  •  j     ..v. 

Some  parts  of  the  earth  are  continually  rising  and  other  parts 

lowering  and  many  parts  of  the  earth  have  been  raised  and  lowered 

a  great  many  times,  first  above  and  then  below  the  sea-level. 
The  earliest  sedimentary  rocks  were  in  course  of  ages  lifted 

up  above  the  sea-level,  and  the  dryland  lowered  beneath  it;  then 

the  new  rocks  would  be 
attacked  by  the  weather 
and  carried  down  to  the  sea 
by  the  rivers  and  formed 
again  into  newer  sedi- 
mentary rocks  (see  Fig.  6). 
These  processes  were  re- 
peated again  and  again 
through  long  ages  of  geolo- 


Fic.  6.— Older  stratified  rock?  and  new  stratified 
rocks,  a,  old  stratified  rocks;  i,  surface  of 
sea;  c,  stratified  rocks  formed  from  dibns  of  a. 


gical  time,  until  the  original  surface  of  the  earth  entirely  disap- 
peared, and  in  its  place  was  a  covering  consisting  for  the  most 
part  of  sedimentary  rocks,  that  is,  rocks  deposited  as  sediment 
at  the  bottom  of  lakes  and  seas.  But  mixed  with  these  were 
great  masses  of  igneous  rock  forced  up  through  the  newer  rocks, 

and  often  flowing  over  and  covering 
them  (see  Fig.  7).  Many  of  the  older 
sedimentary  rocks  have  been  so  al- 
tered by  pressure  and  heat  that  they 
have  the  appearance  of  igneous  rocks, 
and  are  called  metamorphic  rocks ; 
amongst  these  rocks  are,  perhaps, 
gneiss,  serpentine,  and  quartzite. 
These  processes  of  rock  formation 
have  continued  up  to  the  present 
time,  and  are  still  in  active  operation, 
though  it  is  by  some  supposed  that 
the  destructive,  and,  as  a  natural  consequence  and  concurrence, 
the  constructive,  agencies  are  less  active  now  than  in  some 
earlier  periods. 

A  very  remarkable  and  active  agency  in  the  formation  of 
rocks  is  that  of  volcanoes  (see  Fig.  8).  A  volcano  is  a  place 
where  there  is  some  fissure  or  opening  leading  from  the  surface 
to  subterranean  regions  at  a  great  depth,  in  a  locality  where  rocks 
are,  if  not  always,  at  least  sometimes,  in  a  molten  condition ;  and 
during  periods  of  eruption  these  are  forced  up  the  fissure  in  a 
huge  stream  of  lava.  Repeated  eruptions  often  occur,  covering 
large  tracts  of  country. 

Another  form  of  eruption  is  that  of  the  projection  of  very 


Fig.  7. — Intrusive  igneous  rock,  a, 
surface  of  ground  ;  b,  intrusive 
igneous  rock  ;  e,  newer  strata  ;  c, 
older  strata. 
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Fig.  8. — View  of  a  volcano,  showing  stream  of  lava  and 
eruption  of  ashes. 


finely  divided  rock-forming  material  by  a  great  blast  of  steam 

reaching  to  a  height  of  miles,  sometimes  of  30  miles,  forming  a 

great  cloud,  which 

is    carried    a    long  ^■y&s&sZS&SSsab' '"'v? 

way  by  the   wind ; 

the  dust,  falling  to 

the  ground,  becomes 

consolidated      into 

rock  (called  tuff). 

There  are  evi- 
dences of  volcanic 
agency  from  the 
earliest  known  geo- 
logical periods  down 
to  the  present  time. 

In  the  earliest 
known  sedimentary 
rocks  no  traces  of 
life  have  been  found. 
It  may  be  that  there 
were  then  no  living 
things,  either  plants 
or  animals,  upon 
this  globe,  or  that  all  traces  have  been  obliterated  by  heat  and 
pressure ;  but  it  is  only  reasonable  to  imagine  that  there  was 
a  time  when  life  as  we  know  it,  that  is,  the  life  of  plants  and 
animals,  first  appeared  upon  the  earth.  The  rocks  in  which 
no  trace  of  life  has  been  found  are  called  archsean ;  they  un- 
derlie all  the  other  rocks  and  form  their  base  and  foundation. 
Animal  and  vegetable  remains  are  found  in  all  the  later  forma- 
tions. In  some  cases  the  remains  are  merely  casts;  in  others, 
a  portion  of  the  original  plant  or  animal  still  remains.  Thus 
vegetable  remains  are  often  accompanied  by  portions  of  the 
woody  fibre,  which  is  carbonized,  or  turned  into  coal ;  and 
animal  remains,  such  as  shells,  are  found,  also  bones  and  bony 
skin,  though  fossilized,  that  is,  changed,  except  in  the  most  recent 
deposits,  by  chemical  reactions  into  stone.  In  many  cases 
limestone  rocks  are  almost  entirely  formed  of  animal  remains  or 
constructions  (as  in  the  case  of  coral  islands),  and  masses  of 
shells  or  other  organisms.  The  casings  of  some  plants  and 
animals  have  served  to  form  flint  and  flinty  limestone,  and 
animal  remains  have  helped  to  form  phosphatic  limestone.  At 
some  periods  large  areas  and  great  thicknesses  of  vegetable 
growths,  such  as  trees  and  mosses,  have  been  buried  beneath 
deposits  of  mud,  and  this  wood  has  been  turned  into  coal  by 
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enormous  pressure,  perhaps  accompanied  by  a  high  temperature. 
This  is  the  origin  of  the  coal-fields  of  the  world.     Fig.  9  shows 
in   section   some   common   alternations    of 
strata  in  the  coal  measures. 

The  other  valuable  minerals  are  some- 
times found  disseminated  or  aggregated  in 
the  stratified  rocks,  or  as  separate  beds 
interstratified  with  the  others ;  or  else  they 
are  found  as  deposits  in  some  cleft  or 
cavity  made  long  after  the  rocks  themselves 
were  formed. 

One  of  the  chief  facts  to  be  learnt  by  the 
student  is  that  all  the  rocks  on  the  explored 
surface  or  crust  of  the  earth  were  not  made 
at  once,  but  have  been  made  in  regular  se- 
quence; and  that  those  which  were  first  made 
must  underlie  those  which  were  made  later ;  and  that  this  rule  is 
invariable,  although,  in  cases  where  there  have  been  great  disturb- 
ances, some  portions  of  the  strata  have  been  turned  upside  down. 
The  following  is  a  list  of  the  rocks  found  in  Great  Britain, 
arranged  in  order  of  date  and  superposition,  the  most  recent  and 
the  uppermost  being  at  the  top  of  the  column,  and  the  earliest 
and  deepest  being  at  the  bottom  of  the  column  : — 


Fig.  9. — Section  of  coal 
strata.  a,  bind  ;  b, 
shale  ;  c,  rock ;  D, 
coal ;  e,  seat,  or  fire- 
clay. 


U 


Table 
Recent. 
Post-Pliocene. 
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Oolite 
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In  order  to  give  some  notion  of  the  order  and  superposition 
of  the  stratified  formations,  an  imaginary  section  (Fig.  10)  has 
been  sketched.  All  the  strata  were  level  or  nearly  level  when 
deposited;  the  older  rocks  have  been  raised,  denuded,  and  lowered 
several  times,  newer  formations  deposited  on  the  denuded  edges 
of  older  rocks,  and  finally  there  has  been  in  recent  ages  a  general 
upheaval  on  the  western  side  of  this  imaginary  section,  raising  the 
granite  into  a  mountain  and  giving  all  the  strata  an  easterly  dip. 
The  real  dip  would  not  be  so  steep  as  shown  in  the  sketch,  but  it 
is  generally  convenient  to  exaggerate  the  depth  and  inclination 
in  a  geological  section  to  save  space. 

The  time  required  for  the  creation  of  these  rocks  is  too  long 
for  human  conception. 

To  get  some  idea  of  geological  time,  it  is  only  necessary  to 
know  that  no  traces  of  human  life  have  been  discovered  on  the 
earth  in  rocks  older  than  the  Post-Tertiary  (Post-Pliocene)  forma- 
tions. These  deposits  have  a  thickness,  where  found  in  this 
country,  averaging  say  50  feet,  though  they  occasionally  occur 
in  great  masses,  and  at  Boston  in  Lincolnshire  are  said  to  be 
600  feet  thick,  and  in  some  parts  of  Italy  they  attain  a  thickness 
of  1500  feet  These  great  thicknesses,  however,  are  not  equiva- 
lent to  equal  thicknesses  of  strata  deposited  as  sediment  at  the 
bottom  of  a  lake,  because  they  occupy  a  comparatively  small  area, 
being  moraines  or  dkbris  scraped  into  a  heap  by  glaciers.  For 
comparison  with  other  strata,  it  would  probably  be  fair  to  consider 
the  Post-Pliocene  as  being  50  feet  in  thickness,  whereas  the 
strata  below  have  probably  a  thickness  of  165,000  feet.      But 
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the  length  of  time  that  has  elapsed  since  human  beings  first  came 
upon  this  earth  is  quite  unknown,  and  those  geologists  who  have 
most  studied  the  subject  hesitate  to  state  their  views  in  the  figures 
of  arithmetic,  because  of  the  absence  of  sufficient  data  for  accurate 
statement ;  but  for  the  purposes  of  elementary  inquiry  some 
geologists  might  say  that  the  earliest  human  remains  date  from 
a  period  100,000  or  250,000  years  ago,  though  others  consider 
this  estimate  too  high.  And  if  a  proportionate  amount  ot  time 
(as  for  the  Post-Pliocene)  were  required  for  all  the  other  strata 
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Fig.  11. — "The    Gateway"  in  Colorado. 


in  the  world,  their  formation  would  indicate   a   lapse   of  time  of 
between  300  and  750  million  years. 

Another  way  of  getting  some  idea  of  geological  time  is  to 
watch  the  slow  process  by  which  the  weather  acts  upon  the  hills 
at  the  present  time,  and  try  to  calculate  the  period  required  to 
wear  down  a  hill  500  feet  high,  and  deposit  it  as  sand  and  mud 
in  the  sea  100  miles  distant.  The  hills  and  valleys  of  the  present 
surface  of  the  earth  have  been  to  a  large  extent  sculptured  by  the 
gradual  action  of  the  weather. 

This  sculpturing  action  of  the  elements  is  shown  in  Fig.  11, 
which  is  a  photograph  taken  by  the  author  in  Colorado,  showing 
an  opening,  locally  called  "  The  Gateway,"  in  a  mass  of  rocks, 
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gradually  produced  by  the  action  of  the  weather.     The  distant 
mountain  is  Pike's  Peak. 

Fig.   12    is  reduced  from  another    photograph  taken  by  the 
author  in  the  same  locality.      The   huge  lump  of  stone    rising 

above  the  bushes  is  locally 
called  "  The  Dutchman," 
and  shows  how  the  softer 
and  thinner  beds  are  being 
gradually  worn  away  by  the 
weather. 

But  the  present  hills  are 
not  the  original  hills  of  the 
earth.  They  are  in  many 
cases  cut  out  of  rocks  made 
from  the  debris  of  older  hills, 
and  these,  again,  from  still 
older  hills,  the  processes 
having  been  repeated  several 
times.  Yet  all  our  modern 
hills  were  ancient  hills  before 
the  human  race  was  seen 
upon  their  slopes. 

Or,  again,  looking  at  the 
list  of  formations,  notice 
how  small  a  place  is  occu- 
pied by  the  coal  measures. 
But  the  coal  measures  in  some  parts  of  Great  Britain  are  believed 
to  have  a  thickness  of  10,000  feet,  and  contain  in  some  places 
100  feet  of  coal.  Can  we  imagine  the  length  of  time  required 
for  the  formation  of  100  feet  of  coal? 

The  coal  is  made  of  vegetable  matter  or  woody  fibre  that  has 
grown  on  the  spot;  it  is  from  two  to  three  times  as  heavy  as  wood, 
so  that  250  feet  of  solid  wood  are  required  to  make  100  feet  of 
coal ;  but  as  the  wood  grew  and  died  it  would  not  all  remain, 
a  great  part  of  it  would  decay,  and  only  some  portions  would 
be  preserved.  But  if  we  assume  that  one-half  was  preserved, 
then  it  would  require,  to  make  100  feet  thick  of  coal,  a  growth 
of  wood  equal  to  a  thickness  of  500  feet. 

It  has  been  calculated  that  9  feet  of  peat  would  be  required  to 
form  1  foot  of  coal.  If  the  trees  grew  1  foot  high  each  year,  and  if 
for  each  diameter  of  1  foot  of  trunk  there  was  a  diameter  of  20  feet 
of  ground,  or  400  square  feet  for  each  square  foot  of  trunk,  then  the. 
time  required  would  be  400  x  500  =  200,000  years  for  100  feet  of 
coal.  And  then  there  is  the  time  required  for  9900  feet  of  shale, 
sandstone,  and  fire-clay ;  if  these  beds  were  formed  at  the  same 
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rate  as  the  coal,  it  would  require  20,000,000  years  to  make  the 
coal  measures.  But  the  coal  measures  are  only  one  of  three 
divisions  of  the  Carboniferous  formation,  and  the  Carboniferous 
system  is  only  one  out  of  fourteen  distinct  systems. 

Such  calculations  as  the  above  are  no  guide  at  all  as  to  the 
real  duration  of  geological  time,  but  serve  only  as  examples  of  one 
way  of  getting  some  idea  of  possibilities  in  one  particular  locality. 
It  is  not  probable  that  in  any  place  the  formation  of  rocks 
went  on  without  interruption  for  a  thickness  of  10,000  feet,  and 
any  period  of  time  guessed  at  by  calculation  might  require  to 
be  multiplied  by  a  large  factor  or  divided  by  a  large  divisor  to 
approach  the  treal  truth. 

The  different  formations  are  recognized  partly  by  their  litho- 
logical  characteristics,  that  is  to  say,  by  the  quality  and  appear- 
ance of  the  rocks,  and  partly  by  the  fossil  remains  of  plant  and 
animal  life  which  they  contain.  Each  formation  has  not  got  an 
entirely  distinct  set  of  fossils,  but  it  has  some  distinctive  fossils. 

The  recent  rocks  contain  remains  of  animals  very  similar  to 
many  of  those  now  existing  on  the  globe,  and,  going  backwards 
to  the  older  rocks,  the  difference  betvveeBithe  animals  then  exist- 
ing and  now  is  greater,  until  all  forms  ofmammalia  are  lost ;  and 
it  is  supposed  in  the  earliest  rocks  of  all  only  the  remains  of 
comparatively  elementary  organisms  exist.  As  regards  the  litho- 
logical  characteristics  of  the  various  formations,  the  following 
observations  may  assist  the  student ; —       ^H- 

The  Cretaceous,  or  chalk  rocks,  are  often  conspicuous,  as  in 
the  wolds  of  the  East  Riding  of  Yorkshire,  in  Lincolnshire,  Hert- 
fordshire, Wiltshire,  or  Sussex,  where  the  chalk  forms  gently 
sloping  hills,  in  which  numerous  quarries  reveal  the  white  lime- 
stone. 

The  Trias,  or  New  Red  Sandstone,  generally  gives  a  red  colour 
to  the  ploughed  fields,  while  the  river-banks,  railway  cuttings,  and 
quarries  show  sandstones  and  shales  all  red ;  sometimes  thin  beds 
of  gypsum  are  interstratified. 

The  millstone  grit  is  often  seen  in  rough  crags  and  precipices, 
as  in  the  Pennine  chain  of  Yorkshire  and  Derbyshire,  and  is 
itself  a  rough  mixture  of  sand  and  pebbles  consolidated  into  a 
hard  and  durable  rock,  which  is  largely  used,  not  only  for  mill- 
stones, but  for  building. 

The  mountain  or  Carboniferous  limestone  is  seen  in  mountains 
of  rounded  contour,  often  cut  by  deep  valleys  with  precipitous 
sides ;  it  is  extensively  quarried  for  limestone. 

The  Silurian  and  Cambrian  systems  form  the  wildest  mountains 
of  North  Wales,  and  from  them  come  most  of  the  roofing- slates 
used  in  this  country. 
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The  student  soon  learns  the  distinctive  appearance  of  some 
of  the  strata  of  each  formation.     ..,.,,       ,         .  m   ..  . 

With  regard  to  the  characteristic  fossils  of  each  system,  the 
student  may  easily  learn  to  recognize  the  Lias  by  the  ammonites 
(see  Fig  13)  and  belemnites  which  abound;  the  coal  measures, 


Fig.   13- — Ammonite 
(  Humfihresianus). 


Fig.  14.— Sigillaria. 


Fig.  15. — Stigmaria. 


by  the  sigillaria  and  stigmaria  (Figs.  14,  1S.JL6).  telodendron 
(Fig.  17),  alethopteris  (Fig.  18),  calamites  (Fig.  19),  goniatites 
Fig.  20,  etc.);  the  mountain  limestone,  by  the  en  cnmtes  which 
in  some  places  seem  to  make  a  large  portion  of  the  rock  (see 
Fb.  21).     The  Silurian  formation  is  noted  by  the  development  of 
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Fig.  16. — Stigmaria,  from  a  photograph. 

the  crustaceans  known  as  trilobites,  of  which  a  specimen  is  shown 
in  Fig.  22. 

Occurrence  of  Minerals. — All  the  coal  in  Great,  Britain 
(with  slight  exceptions1)  occurs  in  the  Carboniferous  formation. 
It  is  always,  without  exception,  in  regular  beds  interstratified  with 

1  These  exceptions  consist  of  a  bed  of  coal  about  2  feet  thick  in  the  Lower 
Oolite,  on  the  hills  between  Whitby  and  Helmsley,  in  North-East  Yorkshire  ;• 
and  some  Carboniferous  shale  in  Dorsetshire,  in  the  same  formation ;  the  Brora 
coal,  etc. 
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beds  of  fire-clay,  shale,  and  sandstone,  and  sometimes  limestone 
(see  Fig.  9). 

A  bed  of  fire-clay  underlies  every  seam  of  coal,  and  a  bed  of 


Fig.  17. — Lepidodendron. 


Fig.  ig. — Calamiles. 


shale  overlies  every  seam  of  coal.  There  are  exceptions  to  these 
rules.  Sometimes  the  fire-clay  has  a  substitute,  in  the  shape  of  a 
bed  of  nearly  pure  silica,  called  ganister,  which  is  very  hard,  but 


Fig.  20. — Goniatites  Listeri, 
from  "Baum  Pot."  Sketch 
enlarged  from  prepared 
section  of  fossil. 


Fig.  21.— Weathered  surface  of 
crinoidal  limestone. 


Fig.  22.— Trilobite 
(pgygi*  Buchil). 


this  is  very  rare ;   and  sometimes,  though  seldom,  a ,  sandstone 
takes  the  place  of  the  shale  roof. 

-;   The'seams  of  coal  in  Great  Britain  are  remarkable  for  their 
regular  thickness  and  the  wonderful  manner  in  which  the  charac- 
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teristics  of  each  particular  seam  are  often  maintained  for  many 
miles. 

A  seam  of  coal,  say  4  feet  thick,  may  sometimes  be  traced  for 
5  or  6  miles  without  a  variation  in  thickness  exceeding  6  inches, 
whilst  the  variations  in  quality  will  be  hardly  perceptible. 

A  seam  of  coal  sometimes  maintains  its  distinctive  qualities 
for  a  distance  of  more  than  40  miles.1 

The  natural  tendency  is  towards  variations,  and  coals  thicken 
or  thin,  or  split  up  into  several  seams  (see  Fig.  23)  or  are  brought 


together  into  one  thick  seam  (as  in  the  Staffordshire  thick  coal, 
which  is  30  feet  thick  in  one  great  bed,  with  only  thin  dirt  part- 
ings, and  in  a  distance  of  about  10  miles  intercalations  of  sand- 
stone and  shale  are  included,  having  an  aggregate  thickness  of 


Figs.  25,  z6.—Lepidodendr<m  selaginoidis  (transverse  sections).    Sketches 

enlarged  from  prepared  section  of  fossil.     Fig.  26,  enlarged  from.  Fig.  25  . 

on  line  a.  b* 

500  feet)  ;  they  vary  from  clean  to  dirty  and  from  anthracitic  to 
bituminous. 

In  the  same  way  the  shales  gradually  merge  into  sandstones, 
and  vice  versd  (see  Fig.  24).  Soft  fire-clays  change  into  hard  or 
indurated  fire-clays.  In  one  part  of  a  coal-field  two  well-known 
seams  may  be  separated  by  say  240  yards  of  strata,  and  within 
say  16  miles  the  intervening  strata  may  be  reduced  to  180  yards. 
These  changes  are  what  must  always  be  expected ;  it  is  only  the 
regularity  that  at  all  surprises  the  geological  student. 

1  Cannel  coal  is  an  exception  to  all  the  above  statements. 


1 7 


psg-X^suw^ 


¥■ 


puafgypg 


MIN. 


In  the  coal  measures  the  stumps  of  trees  are  often  found  erect, 
as  if  in  the  place  where  they  had  grown. 

The  origin  of  coal  can  be  shown  by  grinding  sections  of  it  till 


Permian 
Limestone 


Fig.  28.— Vertical  section  of  Derbyshire  Coal-field  between  Chesterfield  and  Nottingham. 

they  are  transparent,  then,  if  a  bright  light  is  focussed  on  these 
sections  and  a  double  convex  lens  placed  in  front,  the  structure 
of  the  specimen  may  be  displayed  upon  a  white  screen ;  and  it  is 
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thus  seen  to  bear  the  characteristics  of  wood  and  vegetable  growth 
(see  Figs.  25  and  26). 

The  following  are  some  sections  of  coal-fields  :  Fig.  2  7,  section 
across  the  Midland  Coal-field  ;  Fig.  28,  vertical  section  of  the 
Derbyshire  Coal-field  between  Chesterfield  and  Nottingham. 

The  above  sections  were  levelled  and  measured  by  the  author 
for  the  Royal  Commission  in  1867-68. 

The  following  list  of  minerals  includes  most  of  those  known 
to  miners.  Those  printed  in  darker  type  are  the  most  im- 
portant as  regards  commercial  value.  Nearly  all  of  them  are  got 
in  English  mines,  though  often  only  in  very  small  proportions. 
But  platinum,  mercury,  and  the  more  valuable  precious  stones  are 
not  found  in  English  mines  : — 


Table  II. — List  of  Fifty-eight  Minerals. 
E  denotes  that  they  arejound  in  Great  Britain. 


Alum  clay.     (E.) 

Alum  shale.     (E.) 

Aluminium  ore. 

Antimony  ore.     (E.) 

Arsenic  ore.     (E.) 

Asbestos. 

Asphaltum. 

Barytes.     (E.) 

Bismuth  ore. 

Borax. 

Cadmium. 

Clays  (Fire-clay).  (E.) 

Coal.     (E.) 

Cobalt  ore.     (E.) 

Copper  ore.     (E.) 

FliDt.     (E.) 

Fluor-spar.     (E.) 

Ganister.     (E.) 

Gas. 

Gold  ore.    (E.) 


Gypsum.     (E.) 
Graphite.     (E.) 
Iron  ore.     (E.) 
Iridium  ore. 
Jet.     (E.) 
Lead  ore.    (E.) 
Lithium  ore.    (E.) 
Lignite.    (E.) 
Limestone.     <E.) 
Magnesium  ore. 
Manganese  ore, 
Mica. 

Mercury  ore. 
Mineral  waters. 
Molybdenum. 
Ochre.     (E.) 
Oil  shale.     (E  ) 
Ozokerite. 
Palladium. 


(E.) 


(E.) 


Of  the  above  minerals  many  are  found 
deposit  or  disseminated  in  stratified  rocks, 
the  following  table  :— 


Petroleum.    (E.) 
Phosphates  of  lime,  (E.) 
Phosphorus. 
Platinum  ore. 
Potassium  ore. 
Precious  stones. 
Salt.    (E.) 
Silver  ore.     (E.) 
Slates,    (E.) 
Sodium  nitrate. 
Stone.     (E.) 
Sulphur  ore.    (E.) 
Strontium  ore.    (E.) 
Tellurium  ore. 
Tin  ore.    (E.) 
Tungsten  ore. 
Uranium  ore.     (E.) 
Wolfram  ore.     (E.) 
Zinc  ore.    (E.) 

as  beds  of  stratified 
These  are  shown  in 


Table  III. 


English  and  Foreign. 
Alum  clay  or  shale. 
Bog-ore. 
Fire-clay. 
Coal. 
Flint. 
Ganister. 
Gypsum. 


English  and  Foreign. 
Graphite. 
Iron  ore. 
Lignite. 
Jet. 

Limestone. 
Ochre  and  Umber. 
Oil  shale. 
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Foreign  only. 
Asphalte  (Val-de-Travers, 

Trinidad,  etc.). 
Borax. 
Gas. 

Nitrate  of  soda. 
Ozokerite. 
Precious  stones. 


English  and  Foreign. 
Petroleum. 
Phosphate  of  lime. 
Salt. 
Slates. 
Stone. 

Stream    deposits,   containing 
,  gold,  tin,  and  other  metals. 

And  others  are  found  in  'veins,1  that  is,  in  cracks,  crevices, 
clefts,  caves,  pipes,  holes  in  rocks  which  were  made  and  con- 
solidated ages  before  the  veins  were  formed. 

r These  cracks  have  been  caused  by  subterranean  disturbances 
which  have  split  the  solid  rocks  often  for  many  miles  in  a  nearly 
straight  line,  sometimes  raising  one  side  (or  lowering  the  other) 
and  sometimes  leaving  an  opening  be- 
tween the  two  sides  of  from  a  few  inches 
up  to  more  than  ioo  feet  in  width  (see 
Fig.  29).  Such  a  fracture  of  the  strata, 
when   accompanied    by  displacement,   is 


'—A 


Fig.  29. — Vein  in  fault. 
A,  vein ;  6,  limestone 
rocks ;  c,  sandstone. 


Fig.  30. — Fault  in  coal  measures,    a,  fault 
filled  with  dirt ;  6,  main  coal. 


commonly  called  a  "fault."  When  a  fault  takes  place  in  hard 
rock,  an  open  crack  is  often  left ;  but  when  the  fault  is  in  soft  rocks, 
such  as  the  ordinary  coal  measures,  shales, 
and  binds,  no  open  crack  is  left,  the  strata 
on  each  side  being  squeezed  together  (see 
Fig.  30).  Sometimes  a  crack  may  be 
opened  in  rocks  without  raising  one  side 
above  the  other. 

Holes  are  sometimes  made  in  rocks 
(especially  limestone  rocks)  by  the  action 
of  water  charged  with  acids,  or  by  abrasion 
of  gravel-charged  streams.  These  holes  are 
sometimes  wide  chasms,  and  sometimes 
narrow  clefts,  and  sometimes  like  a  pipe ; 
in  many  cases  the  large  chasms  are  connected  by  narrow  clefts 

1  In  South  Wales  and  in  those  numerous  countries  abroad  where  Welsh 
miners  are  engaged,  the  word  ' '  vein  "  is  applied  to  stratified  seams  of  coal  as 
well  as  to  mineral  veins. 


Fig.  31. — Section  of  gold-vein. 
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forming  a  chain  miles  in  length.  (These  cracks,  caves,  chasms, 
and  pipes  have  been  filled  up  with  a  mineral  deposit  containing 
vein-stuff  (i.e.  valueless  minerals)  and  ore  (i.e.  valuable  mineral) 
in  constantly  varying  proportions  (see  Figs.  31  to  33^ 

Where   the  veins   are   formed   in    cracks   caused   by  violent 


Fir,.  32. — Silver-lead,  Clausthal,  Germany :  from  a  photograph  by  the  author. 
a,  lead  ore  containing  silver,  as  seen  in  a  section  of  the  vein  ;  b,  vein-stuff  or 
spar  (waste).    The  width  of  the  vein  here  shown  is  3  feet  9  inches. 

disruption  of  hard  rocks,  they  reach  down  to  great  depths,  and  in 
most  cases  the  bottom  of  the  vein  has  never  yet  been  proved,  and 
it  may  be  beyond  the  reach  of  the  miner  (the  deepest  mine  has 
not  yet  explored  a  vein  for  a  vertical 
height  of  5000  feet,  though  a  bore- 
hole has  reached  nearly  6000  feet). 
There  is  no  reason  to  suppose  that, 
within  such  depths  as  are  accessible  to 
Human  beings,  these  veins  will  be  either 
richer  or  poorer  in  valuable  ore  as  the 
mines  get  deeper. 

But  as  regards  the  veins  which  are 
found  in  water-made  caves,  the  bottom 
of  these  is  reached  when  the  bottom 
of  the  cave  is  explored,  and  cannot  go 
deeper  than  the  stratum  which  is  capable  of  being  formed  into 
caves  by  aqueous  action. 

Thus  if  iron  ore  (haematite)  were  found  in  water-made  caves 
of  the  mountain  (Carboniferous)  limestone,  it  would  be  vain  to 
explore  the  shales  or  sandstones  underlying  the  limestone  for  a 
continuation  of  these  deposits  of  ore.  . 

The  following  list  shows  minerals  which  are  now  mined  in 
veins : — 


Fig.  33. — Water-worn  cavity  and 
mineral.  a,  limestone  with 
water-worn  cavities ;  b,  mi- 
neral vein. 


English  and  Foreign. 
Alumina. 
Antimony  ore. 
Arsenic  ore. 
Barytes. 
Cobalt  ore. 


Table  IV. 

Foreign  only. 
Bismuth  ore. 
Borax. 

Cadmium  ore. 
Iridium. 
Lithium. 
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English  and  Foreign. 
Copper  ore. 
Fluor-spar. 
Gold. 
Graphite. 
Iron  ore. 
Lead  ore. 
Manganese. 
Mineral  waters. 
Petroleum. 
Potassium. 
Silver  ore. 
Sulphur  (as  pyrites). 
Strontium  ore. 
Tin  ore. 
Uranium  ore. 
Wolfram  ore. 
Zinc  ore. 

Sometimes  minerals  are  found  in  volcanic  craters  and  in  pits 
or  channels  like  huge  shafts  (see  Fig.  34) 
formed  by  volcanic  agency.  Such,  perhaps, 
are  the  Mount  Morgan  Gold-mine  of  Queens- 
land, the  Kimberley  Diamond-mine  of  South 
Africa,  the  sulphur-mines  of  Sicily. 
,,u.     4     ,;, iUor    ,;  The  following  table  is  interesting,  as  show- 

voicanic  shaft,  a,  jng  the  tonnage  and  value  of  the  minerals  got 
vokank  rs°haft;  or  annually  in  Great  Britain.  It  has  been  corn- 
vein,      containing    pjieci  from  tne  Government  statistics  :  — 

mineral.  r 


Foreign  only. 

Magnesium. 

Mercury  ore. 

Mica. 

Molybdenum. 

Palladium. 

Phosphate  oflime. 

Platinum. 

Precious  stones,  diamonds,  rubies, 

emeralds,     turquoises,    garnets, 

sapphires,  opals,  etc. 
Native  sulphur.     (Some  geologists 

would   not  allow  this  as  being 

got  in  veins  of  any  kind.) 
Tellurium. 
Tungsten  ore. 


Table   V. 


1889. 

189 

0. 

189 

r. 

Description  of 
mineral  raised  in 

the  United 

Value  at 

Value  at 

Value  at 

Kingdom. 

Quantity. 

the 
mines. 

Quantity. 

the 
mines. 

Quantity. 

the 
mines. 

Tons. 

£ 

Tons. 

£ 

Tons. 

£ 

Alum  clay  (Bauxite) 

9»I5o 

5.49° 

11,527 

5.763 

10,763 

3.228 

Alum  shale 

4,188 

5=3 

6,420 

802 

5,474 

684 

Antimony  ore 

(cwts.)  67 

900 

14 

200 

15* 

250 

Arsenic        

4,758 

38,260 

7,276 

60,727 

6,048 

58.593 

Arsenical  pyrites  ... 

7,688 

7.317 

5,114 

4.4*4 

5,o95 

4.37° 

Barytes        

24,849 

38,238 

25.353 

29,684 

26,876 

32,120 

Bog  ore        

14,002 

7,001 

14,512 

7,256 

16,075 

8,037 

Clays    (excepting 

ordinary  clay)    ... 

3,036,253 

828,174 

3,308,214 

899,166 

3,222,035 

943,896 

Coal             

176,916,724 

5°,i75.42|5 

181,614,288 

74.953,997 

185,479,126 

74,099,816 

Cobalt    and    Nickel 

ore            

*55 

968 

84 

260 

Nil. 

— 

Copper  ore 

9,029 

26,584 

12,136 

27,801 

8,836 

20,214 

Copper  precipitate 

281 

3."3 

345 

4,670 

322 

4.355 

Fluor-spar 

297 

411 

268 

392 

141 

187 

Gold  ore      

6,226 

10,746 

575 

434 

14,117 

12,200 

Gypsum       

132,357 

53.819 

140,293 

57,991 

151,708 

60,O38 
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Table  V.- 

—(continued.) 

Description  of 

1889. 

1890. 

1891. 

mineral  raised  in 
the  United 
Kingdom. 

Quantity. 

Value  at 

the 

mines. 

Quantity. 

Value  at 

the 

mines. 

Quantity. 

Value  at 

the 
mines. 

Iron  ore       

Iron  pyrites 

Jet 

Lead  ore      

Lignite        

Manganese  ore 
Ochre,  Umber,  etc. 

Oil  shale      

Petroleum 

Phosphate  of  lime 

Salt 

Slates  and  slabs     ... 

Stone,  etc 

Sulphate  of  strontia 
Tin  ore 

Tungstate  of  soda 
Uranium  ore 

Wolfram      

Zinc  ore       

Tons. 
14,546,105 

'7.7I9 

(lbs.)  618 

48,465 

947 

8,852 

10,494 

2,014,860 

30 

20,000 

1,946,496 

458,436 

5,976 
13,809 

23,202 

£ 

3,848,268 

8,111 

124 

429.647 

284 

6,478 

15,532 

503,715 

„  45 
38,250 

890,364 

',048,143 

8,670,935 

2,988 

729,213 

8 
96,925 

Tons. 

13,780,767 

16,018 

(lbs.)  1,228 

45.651 

2,630 

12,444 

19,068 

2,212,250 

„    35 

18,000 

2.146,849 

434,352 

10,276 
14,911 

22 

104 

22,041 

£ 

3,926,445 

7,666 

245 

406,164 

767 

6,733 

17,475 

608,369 

52 

29.500 

1,100,014 

1,027,235 

8,708,691 

5,138 

782,492 

2,200 

1,848 

109,890 

Tons. 

12,777,689 

,     15,463 

(lbs.)  766 

43.859 

4,664 

9.476 

13,602 

2,361,119 

100 

10,000 

2,043,571 

415,029 

8  061 
14,488 

31 
138 

22,2l6 

£ 

3, 355  860 

8,002 

153 

356,783 

1,360 

6,213 

20, 103 

707,177 

150 

20,000 

976,824 

987  000 

8,693.743 

4.030 

735240 

620 

3.341 
"3  445 

Total  values  ... 

73,476,000 

92,794,481 

91,238,032 

It  may  be  useful  to  refer  to  the  mode  of  occurrence  of  some 
of  the  more  important  minerals. 

Coal  has  already  been  mentioned. 

Fire-clay  is  a  species  of  indurated  clay.  It  is  found  as  a 
stratified  bed;  it  is  particularly  abundant  in  the  coal  measures.  As 
a  rule,  a  bed  of  fire-clay  has  a  seam  of  coal  overlying  it,  but  the 
coal  may  be  very  thin  and  of  no  present  commercial  value,  or 
may  be  represented  by  a  carbonaceous  shale.  Fire-clay  is  like 
ordinary  surface  clay  in  this  respect,  that  it  has  no  lines  of  bedding 
or  stratification  except  where  it  joins  another  stratum,  nor  has  it 
any  cleavage,  although  it  has  joints  along  which  it  can  be  broken. 
To  be  valuable  it  must  be  nearly  a  pure  silicate  of  alumina, 
mixed  sometimes  with  silica.  Fire-clays  are  seldom  worked 
unless  the  bed  is  2  feet  or  more  in  thickness.  From  2  to  4  feet 
is  a  common  thickness  for  a  valuable  bed  of  fire-clay.  In  some 
cases  there  are  fire-clays  30  feet  in  thickness. 

Ganister  is  a  stratified  mineral  like  a  sandstone.  It  is  nearly 
pure  silica.  It  often,  if  not  generally,  underlies  a  seam  of  coal, 
and  is  underlaid  by  fire-clay.  It  is  very  hard,  and  has  been  often 
used  for  road-mending ;  it  is  used  for  making  fire-bricks  capable 
of  resisting  great  heat,  and  also  for  the  lining  "  holes  "  in  steel- 
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smelting  works.     A  bed  of  ganister  generally  varies  in  thickness 
in  a  short  distance  from  2  or  3  inches  up  to  3  or  4  feet. 

Gypsum,  a  white  rock  used  for  making  plaster,  is  found 
interstratified  with  the  shales  of  the  Keuper  formation.  The 
beds  vary  from  a  few  inches  up  to  about  12  feet  in  English 
mines. 

'  Oil  shale  is  found  in  the  coal  measures  of  Great  Britain,  inter- 
stratified with  other  shales  and  seams  of  coal.  It  contains  a  great 
deal  of  petroleum,  which  is  obtained  by  distillation.  It  is  often 
got  in  coal-mining  when  it  happens  to  be  contiguous  to  a  coal 
seam  ;  occasionally,  as  in  the  case  of  the  celebrated  bog-head 
mineral  in  Scotland,  it  is  worked  by  itself. 

Phosphate  of  lime,  in  the  shape  called  coprolites,  in  England, 
is  excavated  in  parts  of  Hertfordshire  and  Bedfordshire,  where  it 
is  found,  at  a  little  depth  below  the  surface,  in  some  parts  of  the 
Cretaceous  formation.  It  is  not  found  in  continuous  beds,  but  in 
hollows  or  troughs  perhaps  7  or  8  feet  in  depth,  which  can  be 
easily  got  at  with  a  pick,  like  a  bed  of  pebbles,  and  appears  to 
consist  of  fossilized  animal  remains  such  as  whales,  sharks,  etc. 
In  Florida  and  Carolina  it  is  largely  excavated,  sometimes  in 
very  dry  ground,  and  sometimes  dredged  from  rivers,  where  it  is 
found  in  beds.     In  Carolina  the  beds  are  thin,  usually  from  8 

to  18  inches  in  thickness,  though 
they  are  occasionally  thicker.1  In 
Canada  phosphates  are  mined  in 
veins  of  great  thickness. 

Salt,  like  gypsum,  is  a  white 
rock,  found  interstratified  with  the 
red  shales  of  the  Keuper  formation, 
In  the  mines  of  Northwich  it  is 
found  in  beds  which  attain  a  thick- 
ness of  50  yards  (see  Fig.  35) ;  in 
some  places,  as  at  Wielitzka,  near 
Cracow,  the  thickness  is  upwards 
of  1000  feet. 

Slates  are  indurated  shales.  In 
Great  Britain  they  are  generally 
met  with  in  the  Silurian  and  Cambrian  formations.  They  have 
been  greatly  altered  by  pressure  so  as  to  lose  the  nature  and 
appearance  of  shale.  The  valuable  slates  are  those  which  possess 
a  suitable  cleavage  for  splitting  up  into  roofing-slates.  Some 
of  the  finer  varieties  are  exceedingly  fissile,  and  an  expert  work- 
man can  split  a  slab  1  inch  in  thickness  into  upwards  of  thirty 
lne  seams  sometimes  attain  a  great 
C.  C.  Hoyer  Millar.  ( 


NORTHWICH 


F.G. 


35*—  Section    of  salt-mine  and 
strata. 


full-sized  roofing-slates. 
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thickness — upwards  of  800  feet ;  and  they  are  often  inclined  at 
a  very  steep  angle. 

S'one.  This  is  sometimes  a  stratified  rock,  as,  for  instance, 
Portland,  Bath,  and  other  limestones ;  Whatstandwell  (Derbyshire), 
Bramley  Fall  (Yorkshire),  and  other  sandstones. 

The  stratified  rocks  are  sometimes  worked  by  underground 
mining,  as  in  the  neighbourhood  of  Bath,  but  as  a  general  rule 
stone  is  got  by  open  work. 

A  great  deal  of  stone  is  unstratified  rock  of  the  class  commonly 
called  igneous,  such  as  granite,  syenite,  greenstone.  Generally 
the  granite  is  an  intrusive  mass,  or  is  in  a  cone,  round  which 
have  been  deposited  more  recent  rocks.  This  kind  of  stone  is 
largely  got,  both  for  building 
and  road-making,  by  open  work. 

Occurrence  of  Metals. — 
Iron  is  the  most  important  metal 
got  either  in  Great  Britain  or 
elsewhere. 

It  is  generally  found  in  the 
stratified  rocks,  and  to  some 
extent  in  all,  or  nearly  all,  the 
formations  from  the  most  recent 
to  the  earliest  metamorphic 
formations. 

It  is  most  commonly  found 
as  a  stone  strongly  impregnated  with  iron,  and  as  such  is  itself 
a  stratified  rock.  It  is  also  found  in  great  masses  of  more  or 
less  pure  oxide  of  iron  filling  up  cavities  in  rocks  of  much  older 
date  than  the  iron  ore  therein  deposited  (see  Fig.  36). 

The  chief  beds  of  stratified  ore  now  worked  in  Great  Britain 
are  those  of  the  Oolite  and  Lias  and  of  the  coal  measures.  Till 
within  the  last  forty  years  or  later,  the  coal  measures  afforded 
the  chief  supply  of  iron  ore. 

Iron  ore  is  found  abun- 
dantly in  most  of  the  Briiish 
coal-fields  with  th.'  excep- 
tion of  those  of  Durham 
and  Northumberland. 

The  ironstone  of  the 
coal  measures  is  found  as  a 
bed  of  hard  stone,  some- 
times  reaching   a   thickness 


*■  -  x  - 

Fig.  36. —Section  snowing  depusiL  of  haema- 
tite ore.  a,  hamatile  ;  i>,  carboniferous 
limestone. 


a/ 

b 

c 


-=S^=^S  \  3£  Ironstone/  * 


Fin.  37. 
stone, 
black-bed  coal 


Section   showing   coal-measure  iron- 
a,  shale  with  black-bed  ironstone  ;  i, 


seat  earth. 

of  upwards  of  9  feet.  Generally 
it  is  much  thinner,  the  stone  being  found  in  thin  beds  1  inch 
and  up  to   6  inches  in  thickness,  interstratified  with  shale  (see 

Fig-  37)- 
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The  ironstone  is  often  found  as  nodules  or  balls  lying  close 
together- in  regular  layers  in  the  shale. 

If  beds  of  ironstone  of  good  quality  happen  to  lie  in  close 
proximity  to  a  seam  of  coal,  they  are  often  got  in  the  same 
working,  where  the  cost  of  working  either  separately  would  have 
been  too  great. 

When  thus  associated  with  a  seam  of  coal,  the  total  thickness  of 
ironstone  got  in  one  working  is  sometimes  as  little  as  3  or  4  inches. 
When  the  ironstone  is  got  by  itself,  at  least  twice  that  thickness 
of  good  iron  ore  in  a  total  thickness  of  ore  and  shale  amounting 
to  3  feet  is  necessary  for  profitable  working.  But  these  obser- 
vations as  to  the  profitable  working  of  coal-measure  ironstone 
apply  rather  to  a  period  of  thirty  years  ago  than  to  the  present 
day.  At  the  present  date  coal-measure  ironstone  can  only  be 
profitably  worked  in  a  few  places  where  it  is  of  exceptional 
excellence  or  great  thickness,  as,  for  instance,  the  Blackband  iron 
ore  of  Lanarkshire ;  the  ironstone  of  North  Staffordshire,  worked 
in  a  bed  4  feet  in  thickness ;  the  Black-bed  ironstone  found  near 
Leeds,  which  is  worked  as  thin  as  4  inches,  together  with  a  seam 
of  coal  18  inches  thick  (see  Fig.  37).  With  these  and  perhaps 
a  few  other  exceptions,  the  coal-measure 
ironstones,  which  recently  were  the  chief 
source  of  our  iron-supplies,  are  now 
entirely  unworked. 

The  iron  ore  of  the  Lower  Oolite  has 
taken  the  place  of  the  coal-measure  iron- 
stone,  because  it  lies    near    the   surface 
(see  Fig.    38),    as   in    Northamptonshire, 
Fig.  38.-stratified  iron  ore.    Leicestershire,  Rutlandshire,  and  Lincoln- 
o,  Oolite  limestone;   a,   shire,  and  is  got  by  open  work  at  about 

ironstone :  c,  Lias  clay.  J.         .  ,.  °  .       '       r 

one-fourth  of  the  cost  of  getting  coal- 
measure  ironstone  ;  or  else,  as  in  Cleveland,  it  lies  in  a  bed  9  to 
12  feet  in  thickness,  and  being  also  softer  than  coal-measure 
ironstone,  it  can  be  got  by  underground  mining  at  about  one- 
third  the  cost. 

The  other  chief  sources  of  iron  ore  are  the  masses  of  red 
hematite  found  in  Cumberland  and  North  Lancashire,  and  of 
brown  haematite  in  the  Forest  of  Dean  and  South  Wales. 

Another  oxide  (gothite)  has  been  got  at  a  mine  near 
Lostwithiel,  in  Cornwall.  Ore  has  been  found  in  other  places, 
but  out  of  2,472,536  tons  of  hsematite  ore  got  in  Britain  in  1891, 
2>394>99°  tons  were  got  in  Cumberland  and  North  Lancashire. 
The  ore  in  these  counties  is  found  in  great  masses  in  the  Car- 
boniferous (mountain)  limestone,  measuring  in  some  cases  over 
1000  feet  long,  by  750  feet  wide  and  over  400  feet  deep,  and  in 
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other  cases  in  veins  3000  feet  long  and  90  feet  wide.  Sometimes 
the  ironstone  appears  at  the  surtace,  but  it  is  often  completely 
buried  beneath  limestone  rocks.  It  would  seem  as  if  the  ore 
had  been  deposited  in  caverns  formed  in  the  limestone.  The  larger 
deposits  of  ore  are  sometimes  connected  by  narrow  channels  filled 
with  ore. 

Tin  ore  comes  next  to  iron  in  importance  amongst  the  metals 
raised  in  Great  Britain.  All  the  British  tin-mines  are  in  Corn- 
wall. Tin  is  found  in  veins,  in  the  granite  and  killas  (the 
latter  being  a  metamorphic  clay  slate).  The  veins  vary  in  thick- 
ness from  a  few  inches  up  to  25  feet ;  in  depth  they  have  not 
been  proved,  the  deepest  mine  being  less  than  1000  yards  in 
depth.  They  are  sometimes  nearly  vertical,  and  sometimes  slope 
at  an  angle  of  270  from  the  vertical.  Occasionally  the  veins 
spread  out  horizontally  into  flats.  Tin  ore  is  an  oxide  of  tin 
called  cassiterite.  Cassiterite  is  mixed  with  stone  (generally 
chiefly  composed  of  quartz),  forming  a  rock.  At  Dolcoath  the 
tin  rock  is  called  "  blue  capel ; "  it  is  one  of  the  hardest  rocks 
known.  Sometimes,  as  in  the  neighbourhood  of  St.  Austell, 
the  vein  stone  is  soft.  The  ore  is  sometimes  diffused  through 
a  large  mass  of  rocks  on  each  side  of  the  vein  or  leader  forming 
what  are  called  stockworks,  as  at  Cam  Brea. 

Next  to  iron,  lead  is  the  most  widely  diffused  metal  which  is 
mined  in  this  country.  It  is  found  in  England,  Wales,  Scotland, 
Ireland,  and  the  Isle  of  Man.  It  occurs  in  veins,  chiefly  in  the 
Carboniferous  limestone,  as  in  Northumberland,  Durham,  York- 
shire, Derbyshire,  and  Flintshire ;  but  there  are  also  lead-veins 
in  the  Silurian,  as  in  Mid-Wales,  and  in  other  rocks. 

The  principal  ore  of  lead  found  in  this  country  is  galena,  a 
sulphide  of  lead.  The  veins  vary  in  width  from  a  thin  leader 
barely  visible  to  the  width  of  a  large  cave,  say  20  feet.  The 
vein  is  sometimes  full  of  galena,  and  often  it  chiefly  contains 
vein-stuff,  that  is,  spar  or  other  waste  material. 

The  ores  of  copper,  zinc,  and  barytes  also  occur  in  veins, 
like  tin  and  lead,  but  they  are  only  produced  in  small  quantities 
in  Great  Britain. 

English  copper  was  at  one  time  more  extensively  worked  than 
it  is  at  present,  but  the  price  that  now  rules  is  hardly  sufficient  to 
keep  the  British  mines  at  work.  The  production  in  1891  was  720 
tons  of  metallic  copper,  while  in  1863  it  was  14,247  tons,  or  nearly 
twenty  times  the  present  output.  But  in  1863  the  average  value 
was  ;£ioo  a  ton,  whereas  in  189 1  it  was  about  ~£$6  a  ton.  Owing 
to  this  low  price,  most  of  the  British  mines  have  been  closed.  It 
may  be  that  at  some  future  date  British  copper-mines  will  again 
be  largely  wrought.     Mines  are  often  closed  owing  to  temporary 
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difficulties  which  might  be  overcome  if  there  was  a  substantial 
reserve  fund  with  which  to  carry  on  the  mine  during  times  when 
the  more  profitable  portions  of  the  veins  are  exhausted,  and  it 
becomes  necessary  to  make  further  explorations  in  search  of  rich 
deposits.  In  many  cases  the  profits  in  good  years  are  paid  away 
to  the  shareholders,  who  may  be  a  rapidly  changing  body,  so  that 
when  the  mine  is  temporarily  less  productive,  during  a  period  of 
low  prices,  there  is  no  fund  at  hand  with  which  to  carry  it  on. 
The  pumping  of  the  water  is  often  a  constant  and  heavy  charge, 
which  cannot  be  borne  by  a  mine  having  only  a  small  output. 
Possibly  at  some  future  time,  by  means  of  the  collective  action 
of  the  community,  the  cost  of  water-pumping  will  be  better  dis- 
tributed, and  the  total  cost  reduced  in  some  cases  by  adits  on 
a  low  level ;  improved  machinery  may  be  erected  for  winding,  for 
the  conveyance  of  mineral  and  material  underground  and  on  the 
surface,  for  rock  drilling,  and  stamping,  a  severe  system  of  finance 
adhered  to,  and,  as  a  result,  the  British  copper-mines  found  capable 
of  holding  their  own  in  competition  with  the  world. 


CHAPTER    II. 


EXPLORATION. 


The  mining  engineer  may  find  himself  in  a  country  to  which  he 
is  a  stranger,  his  duty  being  to  ascertain  what  valuable  minerals, 
if  any,  exist  in  the  locality,  and  their  mode  of  occurrence.  It 
would  greatly  facilitate  his  inquiries  and  enhance  the  value  of  his 
discoveries  if  he  had  been  a  diligent  student  of  geological  science ; 
and  the  following  pages  are  intended,  not  as  any  substitute  for 
such  s'udy,  but  partly  to  point  out  how  such  study  would  be 
useful,  as  well  as  the  methods  he  would  pursue  if  his  previous 
study  had  fitted  him  for  the  work  he  has  undertaken.     It  may 
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Fig.  39. — Showing  plan  of  estate  and  vicinity.    Bore-holes  and  trial- 
holes  shown  O. 

simplify  our  treatment  of  this  subject  if  we  consider,  in  turn,  some 
of  the  numerous  problems  that  present  themselves  in  practice. 

Case  I. — The  particular  bit  of  country  he  has  to  explore  is 
in  a  coal-field.  It  is  indicated  in  Figs.  39  and  40.  The  plan 
and  section  show  the  result  of  the  exploration.  Two  collieries 
are  discovered  on  the  west  and  east :  that  to  the  west  being  on 
the  "  rise  "  side  of  the  estate,  or  the  side  on  which  the  strata 
crop  out ;  that  to  the  east  being  on  the  "  dip  "  side  of  the  estate, 
or  the  side  on  which  the  strata  dip  under  other  and  superincumbent 
strata. 

The  depths  of  these  collieries  are  respectively  120  yards  and 
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360  yards  from  the  surface  to  the  lowest  seam  of  coal,  which  is 
4  feet  thick.  The  west  colliery  is  20  yards  above  sea-level,  and 
the  east  colliery  60  yards  above  sea-level;  thus  the  respective 
depths  below  sea-level  are  100  yards  and  300  yards,  as  shown  in 
the  section  figure. 

Each  colliery  is  working  a  similar  coal,  apparently  the  same 
seam,  dipping  in  the  same  direction  at  the  same  rate.  A  thin 
seam  of  coal,  2  feet  thick  (No.  1  on  the  section),  is  found  cropping 
out  on  the  hillside,  at  a  height  of  45  yards  above  sea-level, 
dipping  east  at  an  angle  of  about  30 ;  a  similar  and  apparently 
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Fig.  40. — Showing  section  from  west  to  east  across  the  estate.  The  sketch  is 
"distorted,"  the  vertical  scale  being  about  200  yards  to  the  inch,  and  the 
horizontal  scale  being  about  1200  yards  to  the  inch. 

identical  seam  is  found  in  the  east  colliery  shaft,  125  yards  below 
sea-level,  and  at  a  distance  of  about  3400  yards  from  the  out- 
crop. 

It  is  then  noted  that  a  dip  of  about  30  is  approximately  equal 
to  a  dip  of  1  in  20,  or  5  per  cent. ;  that  is,  a  dip  1  yard  vertical 
in  a  distance  of  20  yards  horizontal.  This  dip,  continued  for  a 
distance  of  3400  yards  horizontal,  would  give  a  vertical  fall  of 
170  yards,  and  that  is  precisely  the  fall  that  is  found — 45  yards 
above  sea-level  added  to  125  yards  below. 

There  are  also  three  sandstone  quarries  in  two  distinct  beds, 
where  freestone  is  got.  The  dip  of  the  strata  is  here  ascertained 
to  be  about  30  east,  and  at  a  corresponding  depth  the  same  two 
beds  of  rock  are  found  in  the  east  colliery  shaft. 

On  the  top  of  the  hill  some  trial  holes  are  dug  6  or  7  feet 
deep  into  the  beds  of  shale,  and  here  the  dip  is  also  iound  to 
be  regular  at  3°  The  outcrop  of  coal  No.  1  is  traced  along  the 
hillside  across  the  estate  from  north  to  south,  either  by  digging 
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with  a  pick  and  shovel,  or  by  boring  holes,  say  5  yards  deep, 
with  boring-rods.  The  eastern  outcrop  of  the  upper  bed  of  rock 
is  also  traced  across  the  estate  from  north  to  south. 

The  exploration  of  the  estate  is  now  complete. 

The  uniformity  of  the  dip  from  west  to  east,  as  proved  by  the 
pits,  outcrops,  quarries,  and  intermediate  trial-holes,  shows  that 
there  is  no  fault  or  break  in  the  strata  between  the  two  collieries. 
The  regularity  with  which  the  outcrops  of  coal  and  rock  follow 


Fig.  41. — Plan  showing  "  wash-out.' 


the  contour  of  the  hill  show  that  there  is  no  fault  from  north  to 
south.  It  is,  therefore,  reasonable  to  believe  that  the  coal  and 
other  strata  found  in  the  east  colliery  continue  regularly  under 
the  estate,  as  shown  on  the  section.  It  is  possible  that  in  the 
distance  between  the  east  and  west  collieries  some  beds  of  coal, 
fire-clay,  ironstone,  shale,  and  rock  may  vary  in  thickness  and 
quality,  or  may  be  in  places  entirely  wanting.  It  would  be  very 
remarkable,  indeed,  if  a  coal-seam  4  feet  thick  were  to  be  entirely 


Fig.  42.— Section  showing  "  wash-out." 

wanting  in  such  a  situation.  But  it  is  a  contingency  to  be 
guarded  against.  There  are  "wash-outs,"  sometimes  called 
"dumb-faults."  These  are  places  from  which  the  coal  has  been 
washed  away  as  if  by  some  river,  and  the  river-bed  afterwards 
filled  up  with  sand.  These  wash-outs  are  sometimes  600  yards  in 
width  and  7  or  8  miles  in  length.  Figs.  4T  and  42  show  a  plan 
and  section  of  a  wash-out. 

Referring  to  the  plan  (Fig.  39),  it  is  possible  that  such  a  wash- 
out may  traverse  the  estate  from  north  to  south.     If  there  are 
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no  collieries  north  and  south  by  which  the  coal  is  proved,  there 
is  no  means  of  ascertaining  that  such  a  "  wash-out "  does  or  does 
not  exist  except  by  a  number  of  costly  borings.  Wash-outs  are 
very  rare,  and,  if  the  estate  was  in  other  respects   satisfactory, 


Fig.  43. — Plan  of  estate,  showing  outcrops  thus  —  ;  pits,  ©  ;  bore-holes,  O- 

most  mining  engineers  would  consider  that  the  coal  was  sufficiently 
proved. 

Case  II.  is  a  coal-field.  Collieries  are  working  on  the  western 
side  only  (Figs.  43,  44).  The  explorer  must  take  all  particulars 
of  these  depths,  inclination  of  strata,  thickness  of  coal,  particulars 
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Fig.  44. — Showing  section  of  estate  proved  by  digging  and  boring. 

of  the  strata  found  in  the  shafts,  faults,  if  any,  extent  of  workings, 
water  in  the  mine  or  in  the  rocks  above,  etc. 

Surface-Indications.— Having  got  all  the  information  that 
can  be  obtained  at  the  collieries,  the  next  step  is  to  make  a 
careful  examination  of  the  surface,  in  order  to  find  out  what  the 
ground  is  made  of.     Sometimes  the  nature  of  the  ground  may  be 
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seen  in  railway  cuttings,  or  in  the  precipitous  sides  of  a  mountain 
torrent,  or  in  a  quarry,  or  by  examining  the  earth  that  has  been 
thrown  up  from  any  pit  or  well, — well-sinkers  can  give  information 
as  to  coals  and  rocks  found  in  sinking.  A  recently  ploughed 
field  will '  often  reveal  several  facts :  a  broad  black  band  may 
indicate  the  outcrop  of  some  dark  stratum  of  shale  or  of  a  seam 
of  coal ;    numerous   pebbles   may   indicate   that   the   strata   are 


Fig.  45. — Excavation  of  surface  gravel  to 
prove  strata. 


Fig.  46. — Section  of  hillside,  showing 
shales  and  rocky  cliffs. 


covered  with  a  recent  deposit  of  gravel,  as  in  Fig.  45.  A  steep 
cliff  may  be  due  to  a  bed  of  hard  rock  (Fig.  46),  which  is  able 
to  stand  at  a  steeper  angle  than  shale,  bind,  or  fire-clay,  because 
the  weather  gradually  disintegrates  and  softens  the  surface  of  the 
shale  so  that  it  cannot  stand  at  a  steep  angle.  There  are  many 
precipitous  cliffs  of  shale,  but  the  exposed  surface  of  these  is 
constantly  falling  off.  A  stream  of  water  issuing  from  the  hillside 
may  form  a  deposit  containing  oxide  of  iron. 

A   spring   of   water   is   often   due    to   a    fault   diverting   an 


Fig.  47.-Sectional  elevation  of  hillside  with  fault  and  spring. 

underground  current  of  water.  Fig.  47  shows  a  hillside  partly  in 
elevation  and  partly  in  section.  The  rock,  having  open  pints, 
will  conduct  the  rainfall  that  reaches  the  outcrop  down  to  the 
valley ;  but  a  fault  crossing  the  strata  throws  the  rock  up,  and 
substitutes  a  bed  of  shale,  which  is  impervious  to  water.  The 
water,  being  unable  to  flow  downwards  to  the  bottom  of  the 
valley,  finds  its  way  through  the  covering  of  clay  and  soil  on  the 
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hillside,  and  bursts  out  in  a  spring  at  A  in  the  figure.  If  this  spring 
does  not  flow  off  in  a  clear  channel,  the  ground  about  it  becomes 
a  marsh.  For  these  reasons  the  presence  of  a  fault  may  some- 
times be  inferred  from  a  spring  or  marsh. 

A  bright  red  colour  in  a  ploughed  field  often  indicates  the 
New  Red  Sandstone  formation  ;  and  a  thick  sprinkling  of  flints 
generally  shows  that  the  chalk  rock  is  below  the  soil.  In  the  present 
case  the  surface  gives  only  negative  indications  (that  is  to  say, 
there  is  no  evidence  that  coal  does  not  continue  under  the  estate), 
except  the  outcrop  of  a  bed  of  rock  near  the  hilltop  (see  Fig.  44), 
which  seems  to  be  a  thick  bed  of  sandstone.  There  are  some 
old  quarries  in  it  where  stone  has  been  got  for  building  and  for 
mending  the  country  roads,  and  the  outcrop  of  this  rock  seems  to 
cross  the  estate  from  north  to  south,  but  it  is  for  the  greater  part 
of  the  way  covered  with  soil,  and,  except  where  it  has  been  got  in 
quarries,  the  indications  are  uncertain. 

The  workings  at  the  old  pits  proved  that  the  line  of  level  went 
due  north  and  south  across  the  estate.  The  outcrop  of  the  Little 
coal  can  therefore  be  marked  on  the  map  by  calculation,  and  the 
positions  so  ascertained  actually  proved  by  digging  holes  or  by 
boring.  If  the  ground  was  flat,  the  outcrop  would  go  straight 
from  north  to  south,  but  as  there  are  hills  and  valleys,  the  line 
of  outcrop  is  twisted — when  there  is  a  hill,  the  outcrop  is  further 
west;  and  when  there  is  a  valley,  the  coal  is  cut  out  and  the  outcrop 
is  further  east. 

The  workings  at  the  new  pit  have  extended  a  short  way  north 
and  south,  and  so  far  as  they  have  gone  they  show  no  change 
in  either  the  direction  or  amount  of  dip.  The  Frog  coal  crops 
out  near  the  pit,  as  proved  by  actual  digging ;  the  position  of  the 
outcrop  across  the  estate  is  then  marked  on  the  plan  by  calcula- 
tion, and  then  the  exact  places  ascertained  by  digging  and  boring. 

In  this  case  the  line  of  outcrop  is  parallel  to  that  of  the 
Little  coal.  On  the  hillside  above  the  new  colliery  a  bore-hole 
is  next  started,  and  at  a  depth  of  about  10  yards  a  new  seam  of 
coal,  named  Bates's  coal  is  met  with  (named  after  the  foreman  who 
is  in  charge  of  the  boring) ;  the  bore-hole  is  continued  down  to  a 
depth  of  nearly  60  yards,  when  it  has  passed  through  the  Frog 
coal  into  the  strata  below. 

The  outcrop  of  Bates's  coal  is  now  traced  across  the  estate. 
Another  boring  (No.  2)  is  made  on  the  hillside  above  No.  1,  at 
a  depth  of  five  yards ;  it  proves  another  new  seam  of  coal,  which 
is  named  Jug  coal  (because  the  workmen's  tea  arrived  just  as  the 
coal  was  found).  This  boring  is  also  continued  down  until  some 
previously  known  strata  are  found,  and  within  a  depth  of  65  yards 
Bates's  coal  is  bored  through. 
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The  outcrop  of  the  Jug  coal  is  traced,  and  boring  No.  3  is 
made;  and  subsequently  borings  Nos.  4,  5,  6,  7,  and  8,  as  shown 
in  Figs.  43,  44. 

In  this  way  a  succession  of  new  strata,  1260  feet  thick  above 
the  Frog  coal,  is  proved.  It  is  also  shown  that  the  dip  is  regular 
towards  the  east,  and  that  there  are  no  faults  to  disturb  the  line 
of  outcrop. 

There  is  now  every  reason  to  believe  that  the  main  coal 
underlies  the  whole  estate,  and  will  be  found  at  a  depth  of  620 
yards  below  the  surface  at  its  eastern  boundary,  with  six  other 
seams  of  coal  above  it  in  regular  succession.  The  total  amount 
of  boring  done  in  proving  this  estate  is  800  yards,  exclusive  of  a 
number  of  shallow  borings  or  excavations  along  the  line  of  outcrop. 

The  estate  might  have  been  proved  in  three  other  ways. 

(a)  By  driving  downhill  in  the  main  coal  from  the  new  pit ; 
this  would  take  about  six  years  at  the  ordinary  rate  of  driving. 

(3)  By  boring  one  deep  hole  where  No.  7  hole  is ;  but  the 
boring  of  deep  holes  involves  a  considerable  outlay,  and  there 
is  great  risk  that  the  results  of  a  solitary  boring  may  mislead. 

(c)  By  sinking  a  pit ;  but  this  is  a  costly  operation,  and  the 
exploration  above  described  is  a  preliminary  operation  to  discover 
if  there  is  sufficient  justification  for  such  a  large  outlay. 

If  the  exploration  has  to  be  made  in  a  short  time,  this  may  be. 
accomplished  by  employing  a  large  number  of  men,  and  boring 
at  five  or  six  places  at  the  same  time. 

Case  III. — Here  is  a  case  where  the  hasty  observer  may  be 
easily  misled  (Figs.  48,  49).     The  east  and  west  collieries  are 
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Fig.  48. — Plan  of  a  coalfield. 

each  working  the  same  seam,  which  dips  the  same  way,  and  it  is 
quite  reasonable  to  suppose  that  the  coal  No.  2  may  continue  all 
the  way  along  the  line  A  A  in  the  figure.  The  colliery  shafts 
and  the  workings  show  nothing  to  suggest  any  other  conclusion. 

But  the  careful  inquirer  examines  the  whole  country  before 
coming  to  a  decision,  and  in  this  case  he  discovers  that  the  strata 
are  very  highly  inclined  at  some  points  between  the  two  collieries, 
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and  that  the  strata  dip  in  some  places  towards  the  west,  whilst 
the  general  dip  is  east.  It  is  necessary  to  continue  digging  and 
boring  till  the  outcrops  of  the  seams  of  coal  have  been  proved 
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Fig.  49. — Section  showing  anticlinal  ridge. 

and  traced.  In  this  case  the  No.  2  coal  is  the  lowest  workable 
coal-seam,  and  a  great  part  of  the  estate  is  therefore  shown  to  be 
barren. 

Case  IV. — There  is  only  one  colliery,  on  the  west,  and  all 
the  country  on  the  east  of  this  colliery  is  unknown.  By  examining 
the  surface  and  by  digging  holes  and  making  shallow  bore-holes, 
it  is  discovered  that  there  is  a  change  of  dip  between  A  and  B 
(Figs.  50,  51).  A  bore-hole  at  A  gets  into  some  ground  which  is 
consistent  with  being  in  a  fault,  and  the  bore-hole  at  B,  being  put 
down  to  a  depth  of  100  yards,  passes  through  a  seam  of  coal 
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Fig.  50. — Plan  of  estate  :  faults  shown  ■ 
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which  is  recognized  as  No.  2  coal.     The  mode  of  recognition  can 
be  better  understood  by  reference  to  Fig.  52. 

This  is  a  section  of  the  strata  as  proved  by  the  bore-hole 
at  B.  This  section  corresponds  almost  exactly  with  the  section 
found  at  the  colliery  shaft,  where  No.  2  coal  has  the  same  very 
hard  black  shale  roof  with  ordinary  shales  above;  it  has  the 
same  fire-clay  floor  and  shale  below,  and  the  same  rock  48  feet 
thick  below  that,  and  the  coal-smut  near  the  surface  of  the  bore- 
hole corresponds  to  No.  1  in  the  shaft.  At  the  hilltop  at  the 
place  S  on  the  figure  there  is  also  found  a  coal-smut,  or  traces 
of  a  seam  of  coal,  just  where  No.  r  coal  would  be  if  the  coal  in 
the  bore-holes  B  and  C  were  No.  2  coal. 
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Another  bore-hole  at  C  gives   a  similar  section  to  B.      A 
bore-hole  at  D  gives  a  very  different  section,  being  in  a  bed  of 


Fig.  51. — Section  of  estate,  distorted  (not  drawn  to  scale). 

sandstone.  It  is  suspected  that  this  is  the  "  well-known "  rock 
which  is  found  in  a  quarry  2000  yards  due  north  of  the  colliery,  and 
which  has  there  been  proved  to  be 
about  80  to  90  yards  above  No.  1  coal. 
Acting  on  this  theory,  a  deep  bore-hole 
is  put  down  at  G,  which  proves  coal 
Nos.  1  and  2  as  shown  in  the  figure. 
Other  bore-holes  of  little  depth  as  shown 
on  the  plan  prove  the  regularity  of  the 
dip  and  the  lines  of  the  faults  originally 
discovered  by  the  holes  at  A,  B,  C,  and 
D.  The  No.  2  coal  was  expected  to  be 
162  yards  deep  at  B,  but  it  is  actually 
only  4  3  yards  deep.  This  alteration  in 
depth  could  not  be  altogether  due  to  a 
change  in  the  inclination  of  the  strata, 
the  dip  being  proved  by  observations  in 
shallow  holes,  and  the  change  in  dip,  as 
subsequently  proved  at  B  and  C,  would 
reduce  the  anticipated  depth  of  No.  2 
coal  to  131  yards.  The  difference  be- 
tween 131  yards  and  43  yards  can  only 
be  accounted  for  by  a  fault,  and  the 
fault  is  an  upthrow  to  the  east  of  88 
yards.  Fig-  53,  drawn  to  a  natural 
scale,  shows  these  faults. 

As  a  rule,  a  geological  horizontal 
section  is  either  sketched  to  no  scale 
at  all  or  is  drawn  to  a  "  distorted  "  scale.     The  vertical  scale  is 
different  to  the  horizontal  scale,  because  the  depth  of  a  section 
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Fig.  52.— Section  of  bore-hole. 
Scale  100  feet  to  i  inch. 
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is  generally  so  much  less  than  its  length,  that,  if  both  are  drawn 
to  the  same  scale,  either  the  details  of  the  vertical  section  are 
invisible  or  the  length  of  drawing  becomes  unwieldy.  Thus  a 
section  might  have  a  vertical  scale  of  40  feet  to  1  inch,  and  a 
horizontal  scale  of  400  feet  to  1  inch.  But  upon  such  a  section 
the  angle  of  dip  cannot  be  correctly 
shown.  Therefore  when  it  is  necessary  to 
draw  the  strata  dipping  at  their  real  or 
natural  angles,  the  section  must  be  drawn 
to'a  natural  scale,  that  is  to  say,  the  hori- 
zontal and  vertical  lines  must  be  drawn  to 
the  same  scale. 

Case  V. — In  this  case  there  are  no  pits. 
By  careful  search,  digging,  and  boring,  two 
seams  of  coal  are  discovered.  No.  1  is  3 
feet  thick,  No.  2  is  4  feet,  and  has  6  inches 
of  cannel  on  the  top,  by  which  it  can  be 
easily  distinguished  from  No.  1  coal.  No 
deep  borings  are  made ;  the  deepest  bore- 
hole is  10  yards.  Forty  or  fifty  excavations 
or  borings  showed  the  outcrops,  as  in  Fig. 
54,  and  the  inclination  of  the  strata  to  be 
uniform,  as  shown  in  the  section  (Fig.  55), 
about  26^°  from  the  horizontal,  or  1  in  2. 
The  surface  of  the  ground  being  quite  level 
and  the  inclination  uniform,  the  line  of  out- 
crop should  be  quite  straight.  But  in  this 
case  the  line  of  outcrop  is  broken,  as  shown 
in  the  plan  (Fig.  54),  and  this  variation  in 
the  position  of  the  outcrop  can  only  be 
accounted  for  by  faults.  The  line  of  out- 
crop A  is  thrown  back  to  B,  a  distance  of 
86  yards  on  the  plan,  and  as  the  inclination* 
is  uniformly  1  in  2,  it  shows  that  there  is  an 
upthrow  fault  to  the  south  of  43  yards  as 
shown  on  the  cross-section  x  y  (Fig.  55 ). 
At  C  the  line  of  outcrop  is  thrown  forward 
36  yards,  proving  a  down-throw  fault  to  the 
south  of  18  yards.  At  D  the  outcrop  is 
thrown  back  again  70  yards  to  the  east,  prov- 
ing an  upthrow  to  the  south  of  35  yards. 

Case  VI. — In  this  case  the  ground  is  not  level,  but,  except 
for  a  slight  irregularity,  the  outcrop  keeps  on  a  line  nearly  north 
and  south  until  getting  near  the  point  x  (Fig.  57),  when  it  turns 
to  the  east.     At  x  the  line  of  outcrop  again  turns  towards  the 
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south;  the  dip  is  ascertained  to  be  uniformly  26^°,  or  1  in  2,  east. 
The  hill  at  C  is  25  yards  above  the  ground  at  A,  and  this  extra 
cover  ought  to  have  carried  the  outcrop  further  west  50  yards,  as 
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Fig.  54. — Plan  of  estate,  showing  outcrops  of  coal  and  dip  of  strata.  Fig.  55. — 
Line  of  section  x  y,  showing  three  faults.  Fig.  56. — Section  on  line  A  F, 
showing  effects  of  faults  by  the  dotted  lines.  Drawn  to  a  natural  scale 
of  140  yards  to  1  inch. 

shown  in  the  section  (Fig.  59),  at  C  But  as  the  outcrop  is  not 
thrown  forward  (and  the  dip  is  unchanged),  it  follows  that  there 
is  an  upthrow  fault  to  the  south  25  yards,  as  shown  in  the  cross- 
section  (Fig.  59).  When  the  low  ground  is  reached  again  at  x, 
the  outcrop  is  found  to  have  gone  back  50  yards  eastwards  from 
the  point  A :  this  is  due  to  the  fault. 

Case  VII. — In  this  case  (see  Figs.  60  and  61)  the  coal-field 
appeared  to  terminate  on  the  western  side  of  the  estate,  the 
centre  and  the  eastern  side  being  overlaid  by  Permian  rocks  and 
New  Red  Sandstone. 

No.  2  coal  was  the  lowest  coal-seam  of  any  value,  and,  so  far 
as  could  be  seen,  only  the  lower  and  unproductive  coal  measures 
were  likely  to  lie  to  the  eastward.  Bore-hole  No.  1  was,  however, 
put  down,  and  passed  through  two  coals  similar  to  Nos.  1  and  2. 
Bore-hole  No.  2  was  then  put  down,  and  passed  through  the  same 
seams  of  coal,  showing  that  between  these  bore-holes  and  the 
colliery   there  is   an  anticlinal  ridge,  and   that  valuable    coals 
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Fig-  59- 


underlie  the  eastern  side  of  the  estate.  In  this  case  the  surface 
rocks  being  those  of  an  unconformable  formation,  give  no  indica- 
tion whatever  of  what  may  be  below,  except  in  this  one  respect, 

that  the  surface  rocks 
Flg' 57-  being    of    a    newer 

formation  than  the 
coal  measures,  it  is, 
of  course,  always 
possible  that  the  coal 
measures  may  be 
below. 

The  previous 
seven  cases  refer  en- 
tirely to  stratified  min- 
erals, whether  coal, 
ironstone,  fire-clay, 
building  stone,  gyp- 
sum, or  other  mineral. 
The  search  for 
minerals  such  as  tin- 
stone, lead,  copper, 
gold,  silver,  etc.,  is 
generally  conducted 
in  a  different  manner. 
It  is  seldom  that  the 
search  for  a  valuable 
mineral  is  undertaken 
without  some  guide  as  to  where  it  is  likely  to  be  found.  In 
Europe,  Asia,  and  Africa,  modern  workings  of  these  minerals  are 
generally   a  continuation    of  ancient  workings,  the   discoveries 


Fig.  58- 

Fig.  57. — Plan  showing  outcrop  of  coal.     Fig.  58.— Section 

on  line  x  y,  showing  hill  and  valley,  seam  of  coal,  and 

fault.     Fig.  59.— Section  on  line  A  B,  showing  effect  of 

hill  and  fault  on  line  of  outcrop. 


Fig.  60. — Plan  showing  estate  partly  covered  by  the  Permian  and  New  Red  Sandstone 
formations. 

gradually  extending.  In  Australasia  and  some  parts  of  America 
the  mines  seem  to  be  entirely  recent  discoveries.  The  original 
discovery  of  valuable  ores  in  any  district  is  often,  if  not  generally, 
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accidental  rather  than  the  result  of  elaborate  scientific  investi- 
gations. 

These  minerals  are  generally  found  in  hilly  or  mountainous 

Bore 
Hole.  2 


FiG.  61.— Section  showing  an  anticlinal  ridge,  and  eastward  extension  of  coal-field 
entirely  concealed  by  new  formations,  and  only  discoverable  by  boring. 

districts  (in  Germany  the  same  word  berg  signifies  "  mountain " 
and  "  mine,"  and  bergman  means  "  miner  ").  There  are  probably 
several  reasons  for  this.  One  reason  is  at  once  apparent— it  is 
that  excavations  made  on  the  side  of  a  hill  can  be  drained  with- 
out pumping  machinery.  Before  the  days  of  steam-power  this 
would  be  sufficient  of  itself  to  limit  mining  operations  to  the  hills 
as  a  general  rule,  and  even  at  the  present  day  the  preliminary 
operation  of  searching  for  minerals  would  be  rendered  too  costly 
if  pumping  plant  had  to  be  erected  before  it  was  known  that 
there  was  any  large  quantity  of  mineral  to  get.  Another  reason 
is  also  apparent,  and  that  is  that  a  mineral  vein  is  more  likely  to 
be  seen  on  a  hillside  off  which  the  soil  is  washed  by  wind,  rain, 
and  torrent,  than  on  a  plain. 

Exploration  for  Gold,  Tin,  etc. — Some  of  the  minerals, 
such  as  gold,  tin,  lead,  are  found  in  recent  deposits  of  gravel, 
such  as  old  river-beds,  having  evidently  been  washed  down  from 
the  higher  ground.  The  usual  mode  of  exploration  is  to  dig  up 
this  gravel,  and  put  some  in  a  "  pan  "  with  water ;  then  to  pick  out 
all  the  clean  pebbles,  leaving  only  the  sand  and  mud;  the  muddy 
water  is  carefully  poured  off,  leaving  only  sand;  the  lighter 
particles  of  sand  are  stirred  up  in  the  water  and  poured  off;  the 
residue  at  the  bottom  of  the  pan  is  then  carefully  examined  to 
see  if  it  contains  gold.  There  are  many  ways  of  working  the  pan, 
some  depending  on  the  supply  of  water.  If  gold  is  found,  the 
gravel  may  then  be  washed  more  systematically  and  cheaply. 

River-Deposits  lead  up  to  the  Veins  in  the  Hills.— If 
a  mineral  is  found  in  river  gravel,  it  seems  almost  certain  that 
there  must  be  a  store  of  this  mineral  in  the  hills  from  which  the 
river  flows,  so  that  the  explorer  naturally  follows  the  stream  up  to 
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its  source.  It  does  not  follow  that  it  will  be  profitable  to  work  the 
mineral  as  it  lies  in  the  solid  rock.  It  may  be  that  the  auriferous 
or  stanniferous  deposit  in  the  river-bed-  is  the  more  valuable 
mine,  because  here  the  rocks  have  been  broken  up  by  natural 
agencies,  .thus  leaving  to  the  miner  only  the  work  of  sifting.  It 
may  be  also  that  there  has  been  in  some  cases  a  natural  process 
of  concentration  (akin  to  the  panning  process),  some  of  the 
detritus  having  a  great  deal  more  than  its  due  proportion  of 
metal,  and  other  parts  having  little  or  none ;  thus  it  is  possible 
that  the  digger,  lighting  on  a  concentrated  deposit  of  ore  in  the 
ground,  may  get  rich,  but,  on  attacking  the  ancient  rocks  from  which 
the  metal  has  come,  may  find  his  labour  altogether  unprofitable. 

Case  VIII. — Discovery  of  Veins. — The  miner  in  search  of 
a  mineral  vein  looks  about  for  joints  or  cracks  in  the  rocks,  or 
for  projecting  knobs  or  reefs,  because  the  vein,  being  composed 
of  different  materials  to  the  rocks  through  which  it  passes,  will 
probably  be  either  softer  or  harder,  more  easily  broken  up  or 
more  enduring  than  the  rocks  on  either  side,  which  are  technically 
called  the  "  country  rocks ; "  thus  it  follows  that  the  existence  of 
a  vein  is  often  marked  by  a  depression  or  fissure,  or  by  a  ridge  or 
reef.  Very  often  the  vein  is  distinguished  by  colour  from  the 
country  rocks ;  a  quartz  vein  (containing  gold)  is  white,  so  also  is 
a  calc-spar  vein  (containing  lead  and  silver). 

Having  discovered  a  mineral  vein,  some  portion  must  be 
broken  off  by  wedging  or  blasting.  On  a  clean  surface  of  vein- 
stone the  mineral  may  often  be  seen  ;  lead  ore  may  appear  in 
great  masses,  and  so  may  copper  ore  and  other  minerals;  gold 
is  often  visible  in  specks,  sometimes  very  minute ;  if  the  gold  is 
invisible,  the  veinstone  will  have  to  be  crushed  and  assayed.  The 
same  observation  applies  to  tin,  which  is  often  minutely  divided 
in  a  very  hard  rock. 

Case  IX. — In  this  case  veins  have  been  already  discovered 
and  worked  in  the  district  between  A  and  B  (Fig.  62).    The  veins 
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Fig.  62. — Plan  showing  three  veins. 

run  from  west  to  east ;  a  search  is  therefore  made  to  see  if  the 
veins  continue  in  the  same  direction.     At  the  eastern  side  of  the 
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mountain  three  very  similar  veins  are  found ;  it  is  thought  that 
they  are  very  likely  the  same  veins.  Fig,  64  is  a  section  on  the 
line  A  B,  showing  the  veins. 

Case  X. — Here  there  are  four  veins  worked  at  the  western 
side  of  the  estate.  Two  of  the  veins  run  east  and  west,  and  two 
from  south-west  to  north-east.  Numerous  excavations  made  show 
that  they  probably  continue  as  shown  by  the  dotted  lines  on  Fig. 
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Fig.  63. — Plan  showing  veins  crossing  and  branching. 

63.  Subsequent  workings  in  these  veins  show  that  they  are 
inclined  at  angles  of  from  6o°  to  75°  from  the  horizontal,  and 
pass  downwards  through  the  killas  into  the  granite,  as  shown  in 
Fig.  65. 


A         Surface 


Fig.  64. — Section  on  line  A_B, 
Fig.  62,  showing  mineral  veins. 


Fig.  65.—  Section  on  line  C  D,  Fig.  63,  showing 
veins  crossing  two  formations. 


Case  XI. — In  this  iron  ore  was  accidentally  discovered  crop- 
ping out  at  A,  and,  being  followed,  a  large  deposit  was  found. 
Subsequently,  borings  were  made  as  shown  on  the  plan  and  section 
CFigs.  66,  67).  Some  of  these  passed  through  the  ore,  and 
some  did  not;  in  this  case  the  only  rule  to  follow  was  to  bore  in 
the  limestone.  In  some  instances  the  limestone  is  overlaid  with 
shale ;  in  that  case  the  bore-hole  will  have  to  be  so  much  deeper 
to  pass  through  the  limestone. 
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In  districts  where  the  ore  occurs  in  similar  water-made 
caverns,  the  rule  is  to  make  the  explorations  in  those  strata 
which  are  likely  to  have  such  caverns  or  large  fissures.  In  some 
cases  the  deposits  of  ore  are  found  to  follow  some  well-marked 
line  of  fault  or  fracture ;  in  other  cases  they  follow  some  line  of 
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Fig.  66. — Plan  showing  iron-mine,  and  borings  shown  ° ;  ultimate  extent  of  iron  ore 
pockets  shown  by  dotted  lines. 

upheaval,  where  there  is  no  actual  fracture  or  slip ;  in  still  other 
cases  it  is  difficult  to  lay  down  any  rule  for  guiding  the  explorer. 
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Fig.  67.— Section  on  line  A  B,  showing  iron  ore  deposits  in  limestone  rock  and 
bore-holes. 

Details  of  Methods  of  Exploration.— A  good  deal  has 
been  said  in  preceding  pages  about  ascertaining  the  dip  or 
inclination  of  the  strata,  and  the  proving  of  outcrops  by  digging 
and  boring.  _  The  following  paragraphs  show  in  a  little  more 
detail  how  this  may  be  done. 

Fig.  68  shows  an  excavation  9  feet  deep,  which  exposes  the 
outcrop  of  a  seam  of  coal.  On  the  surface  of  the  coal  is  laid  a 
straight-edge,  and  on  that  is  put  a  clinometer,  and  the  angle  of  the 
dip  is  read. 
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Fig.  69  shows  a  clinometer.    The  arc  is  graduated  in  degrees. 
It  may  also  be  marked  to  show  the  dip  in  percentages  (see  Fig.  70). 


.A!.NE.__gr._    SURFACE 


Fig.  68. — Showing  excavation  to  prove  outcrop  and  dip  (about  7I0,  or  &bout 
1  in  7*). 


i  in  100  is  1  per  cent. ;  i  in  50  is  2  per  cent. : 
etc;  1  in  1  is  100  percent.  Thus  450  would 
be  marked  100  (per  cent.);  7^°,  13  (per 
cent.) ;  50,  87  (per  cent.),  etc.  _ 

Fig.  71  shows  how  the  dip  may  be 
obtained  by  means  of  a  common  mason's 
level  (either  with  a  plumb-bob  or  a  spirit- 
level),  a  straight-edge,  and  foot  rule. 

Fig.  72  shows  how  the  dip  may  be 
ascertained  by  means  of  an  excavation 
and  bore-hole,  and  taking  into  account 
the  difference  in  the  altitude  of  the  surface. 


1  in  10  is  10  percent., 
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Fig.  6g. — Clinometer,  scale  one-third  full  size. 


Fig.  70. — Part  of  quadrant, 
full  size.  The  inner  row 
of  figures  are  degrees  ;  the 
middle  roware  percentages 
of  inclination  for  even  num- 
bers ;  the  outer  row  for 
odd  numbers. 


It  is  not  always  possible  to  ascertain  the  true  dip  by  one 
observation;  it  often  happens  that  it  must  be  ascertained  from 
two  observations,  neither  of  which  is  on  the  line  of  greatest  dip. 
Fig.  72.2!  shows  in  plan  two  lines  along  which  the  dip  has  been 
observed :  C  D,  direction  south-east  50°,  dip  1  in  10 ;  EF,  direc- 
tion north-east  300,  dip  1  in  20.    These  two  lines  must  be  plotted 
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on  paper  to  scale,  showing  their  direction  and  position  correctly. 
The  lines  F  E  and  D  C  must  then  be  prolonged  till  they  meet 
in  G.  On  the  line  G  D  must  then  be  marked  out  a  length  of  10, 
G  H  (because  the  dip  is  i  in  10),  and  on  the  line  G  F  a  length 
of  20,  G  I  (because  the  dip  is  i  in  20) ;  G  H  and  G  I  must  be 
connected  by  the  line  H  I,  and  a  perpendicular  to  this  line  drawn 

T SQUARE 
&   PLUMB   BOB 


Fig. 


-Showing  plumb-bob  level,  spirit-level,  straight-edge,  strata,  and  dip 
(1  in.  10,  or  sl°/. 


from  the  apex  G  to  K  in  H  I ;  G  K  is  then  the  direction  of  the 
greatest  dip,  and  represents  the  amount  of  dip.  The  length  G  K 
is  8£,  and  therefore  the  inclination  is  1  in  8£. 

In  a  similar  manner  the  true  dip  may  be  ascertained  from 
the  depth  of  three  pits,  represented  in  Fig.  72a  by  the  letters  G,  D, 
and  F.     It  is  first  necessary  to  reduce  the  actual  depths  to  their 
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Fig.  72.— Shows  outcrop  and  inclination  proved  by  excavation  and  bore-hole. 

relative  depths  above  or  below  the  sea-level.  Thus  if  G  is  150,  D 
220,  and  F  250  yards  deep  all  down  to  the  same  coal;  if  the  top  of 
G  pit  is  300  feet  above  the  sea-level,  D  360  feet,  and  F  390  feet, 
then  60  feet  must  be  taken  off  D,  and  90  off  F,  reducing  the 
depth  of  D  to  200  yards,  and  of  F  to  220  yards.  Then  if 
the  distance  between  G  D  and  G  F  is  known,  the  rate  of  inclina- 
tion on  those  lines  can  be  calculated,  and  the  true  dip  set  out 
in  the  manner  given  in  the  first  instance. 
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If  the  dip  is  ascertained  by  means  of  a  clinometer  and  is 
recorded  in  degrees,  the  rate  of  inclination  can  be  quickly  ascer- 
tained by  bearing  in  mind  that  it  is  equal  to  the  ratio  of  the  radius 
of  the  circle  to  the  cotangent  of  the  angle  of  inclination.  If,  for 
instance,  the  radius  is  1  and  the  cotangent  of  the  angle  10,  the 
inclination  would  be  1  in  10;  for  an  angle  of  6°  the  (natural) 
cotangent  is  q'5,  and  the  inclination  is  therefore  1  in  9-5. 

For  the  geological  exploration  of  a  country  it  is  necessary  to 
have  a  map  and  plan  showing  the  position  of  all  trial  holes, 
quarries,  outcrops,  hills,  rivers,  etc.  And  it  is  also  necessary  to 
have  the  relative  altitudes  of  all  the  places.     The  explorer  must 


Fig.  72a.-  -Method  of  finding  true  dip. 

therefore  either  be  himself  a  surveyor  or  he  must  have  the 
assistance  of  a  surveyor. 

In  exploring  for  the  first  time  a  large  new  country,  a  party 
is  generally  substituted  for  a  single  individual,  and  this  party 
includes  competent  surveyors.  In  civilized  countries  the  mining 
engineer  can  generally  obtain  maps  and  plans  on  which  he  can 
mark  with  accuracy  the  mines,  excavations,  bore-holes,  etc.,  by 
means  of  a  few  measurements  from  the  nearest  landmarks,  such  as 
fences,  roads,  rivers,  buildings,  etc.  He  must  then,  by  the  aid  of 
a  surveyor's  spirit-level,  take  the  relative  altitudes  of  the  mines, 
excavations,  etc.  It  will  facilitate  his  explorations  if  the  contour 
lines  are  marked  on  the  map — that  is  to  say,  lines  following  all  the 
sinuosities  of  the  hillsides,  which  throughout  their  length  mark 
places  of  equal  altitude  above  sea-level ;  between  each  line  the 
ground  falls  or  rises  say  25  feet.  These  contour-lines  are 
marked  on  some  of  the  ordnance  maps,  and  are  of  great  service 
to  the  geologist. 

As  some  of  the  readers  of  this  treatise  may  not  be  acquainted 
with  the  use  of  angles,  thefollowing  paragraphswill  be  useful  to  them. 

The  circumference  of  a  circle  is  divided  into  360  equal  parts, 
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called  degrees,  written  thus,  3600 ;  each  degree  is  divided  into  60 
equal  parts,  called  minutes,  written  thus,  60' ;  each  minute  is  divided 
into  60  equal  parts,  called  seconds,  written  thus,  60".  Any  line  drawn 
from  the  centre  of  a  circle  to  its  circumference  is  called  a  radius. 
Any  line  drawn  across  the  circle  from  side  to  side  through  the 
centre  is  called  a  diameter,  and  is,  of  course,  equal  to  twice  the 
radius.  Any  two  lines  drawn  from  the  same  point  contain  an  angle. 
Any  two  lines  drawn  from  the  centre  of  a  circle  to  the  circumference 
contain  an  angle,  and  the  size  of  the  angle  is  measured  by  the 
number  of  degrees  between  the  two  lines  on  the  circumference. 
Thus  in  Fig.  73  the  two  lines  A  B  and  A  D  contain  an  angle,  C, 
which  is  measured  on  the  circumference,  and  is  there  seen  to  be 
about  26i°,  or  more  exactly  26°  34'.  If  from  the  point  D  (in 
the  line  A  D)  a  line,  D  E,  is  drawn  vertically  to  and  touching 


Fig.  73. — Circle  divided  into  parts. 

the  line  A  B,  the  line  D  E  is  called  the  sine  of  the  angle  C. 
That  part  of  the  line  A  B  which  is  between  E  and  A  is  called 
the  cosine  of  the  angle  C.  In  the  same  way,  sines  and  cosines  can 
be  drawn  for  any  other  angle  not  exceeding  900.  When  an  angle 
has  900  it  is  called  a  right  angle  ;  the  two  sides  of  a  right  angle 
are  perpendicular  to,  or  square  to,  each  other.  That  part  of  the 
line  A  B  which  is  between  E  and  B  is  called  the  versed  sine  of  the 
angle  C.  That  part  of  the  circumference  which  is  between  B  and 
D  is  called  the  arc.  If  from  B  a  line  is  drawn  perpendicular  to  A  B 
until  it  meets  the  line  A  D  produced  to  F,  the  line  B  F  is  called  the 
tangent  of  the  angle  C,  and  the  line  A  F  the  secant  of  the  angle. 

If  any  number  of  degrees  are  taken  from  a  quadrant,  the 
number  remaining  to  make  up  90  are  called  the  complement. 
This  complement  has  also  a  sine,  tangent,  and  secant,  which 
are  called   the  cosine,   cotangent,  and  cosecant.     That   part  of 
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the  radius  which  is  equal  in  length  to  the  sine  of  the  complement 
is  commonly  called  the  cosine,  as  shown  above  (see  Fig.  73). 

If  the  line  A  D  is  taken  to  represent  the  inclination  of  a  seam 
of  coal,  and  the  line  A  B  the  level  line,  then  the  arc  measures  the 
angle  of  inclination,  and  it  is  found  to  be  260  34'.  Then  the 
line  D  E,  which  is  the  sine,  represents  the  vertical  fall  or  rise  of 
the  slope  A  D ;  and  the  line  A  E,  which  is  the  cosine,  represents 
the  horizontal  length  between  the  points  A  and  D.  Therefore 
the  vertical  rise  or  fall  :  horizontal  length  :  :  sine  :  cosine ;  or 

horizontal  length         cosine 
vertical  (rise  or  fall)  —     sine  ' 

The  value  of  this  rule  (the  truth  of  which  is  self-evident)  is  to 
be  found  in  the  fact  that  the  relative  lengths  of  the  sines  and 
cosines  of  every  angle  from  o°  to  90°  have  been  carefully  calculated, 
and  are  given  in  every  book  of  mathematical  tables. 

If  the  reader  has  such  a  book,  and  will  look  under  the  head  of 

"  Natural  Sines,  Cosines,  etc.,"  he  will  find  a  page  headed  "  2  6°,"  and 

under  this  figure  he  will  find,  rather  more  than  halfway  down  the 

column,  34' ;  opposite  this  latter  figure,  and  in  the  column  headed 

"  Sine,"  he  will  find  the  figures  4472388 ;  under  the  column  headed 

"Cosine"  he  will  find  the  figures  8944146.    These  figures  represent 

...        .       ri,      .  ,        .  cosine       8944146 

the  relative  lengths  of  the  sine  and  cosine  :  or  — : —  =  ~  • 

&  '  sine        4472388 ' 

or,  striking  out  the  last  three  figures  from  each,  =  — —  =  —  •  that 

4472      * 
is  to  say,  the  horizontal  length  is  twice  as  much  as  the  vertical  fall 
(or  rise) ;  or  the  slope  is  1  in  2,  or  50  per  cent. 

Instead  of  using  the  table  of  sines  and  cosines,  we  may  calcu- 
late in  another  way.  Assume  that  the  line  A  F,  or  secant,  represents 
the  inclined  surface ;  then  the  line  F  B,  or  tangent,  represents  the 
vertical  rise  or  fall,  and  the  line  A  B  represents  the  horizontal 
length  between  the  points  A  and  F.  The  line  A  B  is  the  radius. 
Referring  now  to  a  book  of  mathematical  tables,  under  the  head  of 
"Natural  Tangents  and  Secants,"  we  shall  not  find  the  proportional 
length  of  the  radius  given,  because  it  is  always  taken  as  one  ;  but 
under  the  head  of  "  Tangents,"  and  under  the  column  "  260,"  and 
opposite  the  figure  34  in  column  of  minutes,  will  be  found  the 

figure  0-5000352  :  therefore = ;  or,  leaving  out 

&  3       03    >  tangent      0-5000352        '  5 

1  112 

the  last  three  figures,  =  q      qq  =  —  =-j  =  — ;  or  the  horizontal 

distance  which  is  radius  is  twice  the  vertical  distance  which  is 
tangent;  or  the  slope  is  1  in  2,  or  50  per  cent,  (see  p.  47  for  use 
of  cotangent). 
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In  case  there  are  no  mathematical  tables  at  hand,  the  angle 
may  be  marked  out  by  a  protractor.  If  there  is  no  protractor  at 
hand,  a  circle  may  be  drawn  with  a  bow-pen  (or  pair  of  com- 
passes), and  divided 
into  quadrants ;  each 
quadrant  may  be  bi- 
sected, and  then  divided 
in  45  equal  parts,  each 
of  which  will  be  a  de- 
gree. Another  and  an 
easier  way  is  to  draw  a 
circle  or  part  of  a  circle, 
and  with  the  compasses 
open  at  the  same  length 
as  radius,  mark  off  chords 
the     circumference 


Fig.  74. — Circle  divided  by  chords. 


on 


(see  Fig.  74).  A  chord 
equal  in  length  to  the 
radius  covers  an  arc  of  6o°;  so  that  six  such  chords  complete 
the  circumference.  Each  arc,  therefore,  covers  6o°  ;  ^f  it  is  bi- 
sected, each  division  contains  300 ;  this  can  easily  be  divided  into 
three  nearly  equal  parts  each  of  io°,  and  these  again  into  single 
degrees. 

The  slope  being  set  out  at  the  ascertained  angle,  20°,  as  A  B 
(Fig.  74),  for  the  length  of  the  incline,  say  250  yards,  represented 
by  the  length  A  B,  then  B  C  can  be  drawn  vertical  to  A  C  the 
horizontal  line,  and  B  C  and  A  C  may  then  be  measured  with  a 
scale,  and  are  approximately  85  yards  and  235  yards,  or  to  find  the 

8^00 
percentage;  or,  as  235  :  85  : :  100  :  x ;  x  = •  =  36;  or  the 

slope  is  36  per  cent.     On  looking  at  the  table  of  tangents,  it  will 
be  seen  that  the  exact  percentage  is  36-39702. 

The  equipment  of  the  explorer  should  contain  a  good  hammer, 
a  magnifying-glass,  a  small  bottle  of  acid  to  test  for  limestone,  a 
clinometer,  an  aneroid  barometer  and  thermometer1  to  measure 
altitudes,  a  compass,  a  note-book,  and  a  map.  For  detailed 
explorations,  the  services  of  stout  labourers  with  shovels,  pick- 
axes, drills,  blasting  powder  (dynamite,  etc.),  boring-tools,  etc., 
will  be  required. 


Si 


CHAPTER   III. 

BORING  :    HAND,  STEAM,  RODS,  ROPES,  TUBES,  FREE-FALL, 
DIAMOND,  ETC. 

Bore-holes  are  in  many  cases  the  best  means  of  completing  the 
exploration  of  mineral  estates. 

A  pit  shows  the  ground  more  plainly,  but  in  the  majority  of 
situations  a  pit  cannot  be  sunk  many  feet  deep  before  water  finds 
its  way  in,  and  then  the  cost  of  sinking  becomes  too  great  for  the 
purposes  of  exploration.  Apart  altogether  from  water,  the  cost 
of  making  a  small  hole  from  3  inches  up  to  12  inches  in  diameter 
is  generally  very  much  less  than  the  cost  of  sinking  a  large  pit 
from  6  feet  to  16  feet  in  diameter.  The  bore-hole  may  also  be 
put  down  more  quickly. 

Two  Kinds  of  Boring. — There  are  two  chief  modes  of 
boring.  One  is.  by  a  percussive  drill,  which  chips  the  rock  into 
small  fragments,  subsequently  removed;  and  the  other,  by  a 
rapidly  revolving  ring,  which  grinds  the  rocks  into  powder.  Of 
the  percussive  method  of  boring  there  are  many  varieties.  Of 
the  grinding  method  there  are  only  two  varieties ;  one  of  these 
is  the  diamond  drill,  and  the  other  is  a  similar  tool,  but  using 
hardened  steel  instead  of  diamonds. 

Percussive  Boring. — Various  Methods. — The  most  com- 
mon method  of  boring  in  England  for  depths  of  from  5  to  50  yards 
(a  method  used  in  some  cases  for  depths  of  several  hundred 
yards)  is  by  means  of  a  steel  chisel  screwed  on  to  iron  rods,  sus- 
pended by  a  spring-pole.  The  chisel  is  steel  welded  on  to  the 
end  of  an  iron  rod,  making  a  total  length  of  18  inches.  It  is  a 
single  blade,  for  hard  rock  a  cross-blade,  as  wide  as  the  intended 
diameter  of  the  hole,  say  from  3  inches  up  to  8  inches.  Unless 
it  is  intended  to  go  very  deep,  the  holes  are  seldom  started  more 
than  6  inches  in  diameter. 

The  rod  varies  from  f  inch  square  up  to   i|  inch   square ; 
f  inch  and  1  inch  are  common  sizes.     The  rods  must  be  made 
of  the  very  best  quality  of  iron  that  can  be  obtained,  so  as  to' 
diminish  the  chances  of  fracture.     They  are  screwed  together  the 
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socket  end  downwards.     There  are  two  sets  of  shoulders  at  the 
upper  end  of  each  rod,  on  opposite  sides  (see  Fig.  75,  i,  2,  3,  23). 


Fig.  75.— Hand-boring  tools,  i,  single  chisel ;  2,  cross  chisel ;  3,  rod ;  4,  sludger  (6  ft.) ; 
5,  screw-jointed  tube;  6,  tube  with  outside  collar;  7,  tube  with  flush  joint  riveted;  8, 
tube  with  screw  socket ;  Sa,  riveted  socket  joint ;  9,  grappler  (6  ft.);  10,  reamers;  11, 
single  cross-head;  12,  double  cross-head;  13,  fork;  14,  key;  15,  16,  core  cutter  and 
extractor ;  17,  spring-pole  ;  18,  windlass  ;  19,  legs  and  pulleys  ;  20,  hook  to  lift  rods  ;  21, 
temper  screw  ;  22,  excavation  and  hole  ;  23,  rods  ;  24,  core-cutter;  25,  rods  jointed  with 
loose  socket. 

By  means  of  these  shoulders  the  rod  can  be  lifted  or  suspended. 

1  These  flush-jointed  tubes  are    the  same   diameter  inside  and    outside 
through  the  whole  length  of  tubing. 
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The  set  of  boring-rods  consists  of  one  chisel  £  yard  long,  rod  i  yard, 
rod  1  yard,  rod  2  yards ;  the  remaining  rods  are  of  lengths  which 
under  the  particular. circumstances  are  most  convenient,  say  2  yards, 
3  yards,  4  yards,  6  yards,  or  even  more.  The  rod  must  not  be 
longer  than  can  be  conveniently  transported,  handled,  and  sus- . 
pended  from  the  frame  with  the  lower  end  above  the  bore-hole. 
Four  yards  is  often  a  convenient  length ;  they  are,  however,  often 
made  in  2-yard  lengths ;  these  can  be  screwed  up  into  4-yard  or 
6-yard  lengths  as  required.  A  loose  socket-joint  is  shown  in 
Fig.  75  (25)- 

The  process  of  boring  is  as  follows :  If  the  hole  is  probably 
to  be  a  shallow  one — from  3  to  15  yards — the  bore-hole  is  begun 
with  the  chisel  screwed  on  to  the  shorter  rods  without  any  pre- 
liminary work,  simply  putting  on  the  ground  a  piece  of  plank  with 
a  hole  in  it,  through  which  the  chisel  is  passed ;  the  boring  is 
made  by  two  or  three  men.  Rods  are  added  as  the  hole  gets  deeper, 
up  to  a  depth  of  15  yards ;  below  that  depth  four  or  five  men  are 
required,  and  also  a  windlass  and  pulley  frame,  as  shown  in  Fig. 
75  (18,  19,  22).  After  30  yards  a  spring-pole  or  other  contrivance 
is  necessary  to  sustain  the  weight  of  the  rods.  Fig.  75a  shows 
also  a  method  of  boring  by  lever  instead  of  spring-pole,  and  also 
a  windlass  and  frame.  These  frames  are  now  often  made  of  iron 
tubes  or  bars.  If  the  hole  is  probably  to  be  from  20  to  50  yards, 
it  is  started  more  carefully.  It  is  a  common  practice  to  dig  a  pit 
6  or  7  feet  in  diameter  and  about  7  feet  deep.  The  digging  of 
this  pit  serves  several  purposes.  In  the  first  place,  it  can  be  done 
as  quickly  and  cheaply  as  an  equal  length  of  boring  at  a  depth 
of  over  25  yards.  In  the  second  place,  it  clears  away  the  loose 
ground  at  the  surface,  which  might  interfere  with  the  boring.  In 
the  third  place,  it  has  the  effect  of  additional  height  on  the  pulley- 
frame,  just  making  a  short  pulley-frame  available  for  drawing  the 
rods  in  lengths  of  4  to  6  yards.  In  the  fourth  place,  the  pit  shelters 
the  men  from  storms. 

At  the  bottom  of  the  pit  a  smaller  hole  is  hacked  up  with 
pick-axe  and  drill,  into  which  an  iron  pipe  can  be  placed  (Fig.  75, 
22).  This  pipe  may  be  from  2  to  6  feet  in  length  (according  to 
the  probable  depth  and  importance  of  the  hole) ;  the  bore  of  the 
pipe,  say  4  inches,  is  just  sufficient  to  take  the  largest  chisel  that 
may  be  used.  The  pipe  has  a  flange  at  the  top  end.  It  is  placed 
vertically  in  the  hole  in  the  centre  of  the  pit,  and  the  earth  is 
firmly  rammed  round  it ;  the  flange  rests  either  on  the  ground  or 
on  a  plank  with  a  hole  in  it,  through  which  the  pipe  is  passed. 
The  pipe  now  forms  a  permanent  entrance  to  the  hole  and  a 
vertical  guide  for  the  chisel. 

Above  the  pit  is  fixed  the  spring-pole  (Fig.  75,  17).     This  is  a 
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young  larch  tree  about  30  feet  in  length.  The  butt  end  is  placed 
between  two  stout  posts,  which  are  securely  planted  in  the  ground ; 
an  iron  pin  about  1  inch  in  diameter  passes  through  the  posts  and 
the  pole,  and  so  holds  the  pole  down.  At  a  distance,  that  may 
.be  varied  from  time  to  time,  of  say  from  3  up  to  8  feet,  a  block 
of  wood  is  placed  under  the  pole  so  as  to  raise  the  end  of  it 
that  is  over  the  bore-hole  to  a  convenient  height — say  10  or  12 
feet.  There  is  also  a  pulley-frame.  For  shallow  borings  the  frame 
consists  of  three  legs  lashed  together  (or  pinned)  at  the  top,  from 
which  a  pulley  ("  snatch-block  ")  is  suspended.  A  windlass  with 
a  good  hemp  rope  is  also  placed  on  one  side  and  weighted  down 
with  stones.  Fig.  750  shows  a  pulley  frame,  windlass,  and 
balance-weight  lever,  sometimes  used  instead  of  a  spring-pole. 


Feet 


Fig.  75a. — Hand  boring  frame  and  lever. 


The  boring  is  now  begun.  A  couple  of  men  take  the  chisel 
screwed  on  to  the  end  of  a  rod,  and,  putting  it  through  the  pipe, 
strike  it  on  the  ground,  turning  it  round  between  each  blow; 
they  also  put  some  water  in  the  hole  to  facilitate  the  cutting.  When 
they  have  bored  the  hole  about  a  half-yard  they  put  on  the  cross- 
head,  by  means  of  which  they- can  more  easily  lift  and  turn  the 
rods ;  after  boring  another  half-yard,  they  draw  the  rods,  take 
off  the  short  rods,  and  substitute  a  6-foot  rod,  which  with  the 
chisel  and  cross-head  make  up  a  length  of  three  yards ;  when  the 
boring  is  another  half-yard  deeper,  the  half-yard  rod  is  added  at 
the  top  under  the  cross-head;  after  another  half-yard  is  bored, 
the  yard  length  is  substituted  for  the  half-yard  length,  and  so  on, 
the  additions  being  so  arranged  as  always  to  keep  the  cross-head 
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at  the  most  convenient  height  for  the  men  to  handle.  The  depth 
of  the  hole  is  always  known  by  the  length  of  rods.  As  soon  as 
the  length  of  rods  gets  too  great  for  three  or  four  men  to  lift 
with  ease,  the  cross-head  is  suspended  by  a  chain  and  swivel- 
hook  from  the  end  of  the  spring-pole.  The  weight  of  the  rods 
bends  the  pole  down;  the  chain  is  adjusted  so  that  the  pole 
holds  the  rods  suspended  just  clear  of  the  bottom  of  the  hole. 
The  men  now  press  the  chisel  down  to  the  bottom,  and  then  lift  it 
up  assisted  by  the  pole ;  then,  pressing  it  down  again,  they  strike  a 
smart  blow  with  the  chisel,  turning  the  cross-head  between  each 
blow,  so  that  with  every  eight  blows  they  make  the  chisel  turn 
completely  round. 

After  working  for  some  time,  varying  from  ten  minutes  to  an 
hour,  the  bottom  of  the  hole  becomes  choked  with  dirt  or  the 
chisel  gets  blunt;  the  rods  are  then  drawn.  This  is  done  by 
means  of  the  winch  with  a  rope  over  the  pulley.  There  is  a  claw- 
hook  (Fig.  75,  20)  at  the  end  of  the  rope,  which  takes  hold  of  the 
shoulder  in  the  rod  next  below  the  cross-head  piece.  By  this  the 
rods  are  lifted,  then  unhooked  from  the  spring-pole,  and  lowered 
an  inch  or  two  on  to  a  fork  (Fig.  75,  13)  placed  over  the  hole, 
which  supports  the  rods  by  the  lower  shoulder.  Then  the  cross- 
head  is  unscrewed  by  the  key  (Fig.  75,  14)  and  removed;  the 
rods  are  now  lifted  as  high  as  convenient,  and  again  placed  on 
the  fork ;  the  upper  rods  are  unscrewed  and  reared  up  on  one 
side  of  the  pit  or  the  pulley-frame.  This  operation  is  repeated 
until  all  the  rods  are  drawn. 

When  the  chisel  is  drawn  it  must  be  carefully  examined, 
because  adhering  to  it  will  be  the  dibris  from  the  bottom  of  the 
hole,  which  will  show  the  nature  of  the  stratum  in  which  the  chisel 
is  working.  When  some  small  bits  of  this  earth  have  been  found 
and  examined,  it  will  be  at  once  apparent  whether  the  stratum  is 
sandy  or  clayey,  light  or  dark,  coal  or  stone ;  whether  it  is  hard 
or  soft  has  been  already  ascertained  by  the  men  who  were  boring 
feeling  the  effect  of  each  blow.  Specimens  of  the  stuff  are  to  be 
carefully  preserved  and  labelled. 

The  sludger  (sometimes  called  the  cleanser  or  sand-pump) 
(Fig.  75,  4)  is  now  screwed  on  to  the  rods  and  lowered  down  the 
hole.  The  lengths  of  rod  have  now  to  be  screwed  together  again 
as  in  turn  they  are  put  into  the  hole,  until  the  sludger  rests 
upon  the  bottom.  The  sludger  is  often  auger-ended,  and  in 
that  case  it  is  turned  round  so  as  to  screw  into  the  sludge ;  it  is 
also  lifted  up  and  down  so  as  to  force  the  semi-liquid  sludge  up 
through  the  valve  in  the  bottom.  The  rods  are  then  drawn  again  in 
the  same  way  as  when  drawing  the  chisel.  When  the  sludger 
reaches  the  top  it  is  carried  very  carefully  to  a  trough,  into  which 
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the  liquid  contents  are  poured,  the  water  being  allowed  to  run  off, 
and  the  sludge  carefully  examined,  and  some  of  the  solid  portions 
picked  out,  and  specimens  of  the  semi-solid  parts  put  on  one  side 
to  dry.  The  examination  of  the  contents  of  the  sludger  is  the 
most  critical  and  important  part  of  the  operation,  as  by  it  mainly 
the  nature  of  the  ground  can  be  told ;  and,  the  greater  portion 
being  in  the  form  of  sludge,  the  description  of  the  ground  has  to 
be  inferred,  as  it  is  obviously  not  identical  with  the  pulverized 
material  extracted.  If  the  sludge  is  composed  of  sand,  and  if 
when  boring  the  ground  was  found  to  be  hard,  it  is  evident  that 
the  stratum  bored  through  was  sandstone ;  if  the  sludge  is  clayey, 
and  the  boring  was  hard,  it  is  evident  that  the  stratum  was  a  hard 
shale  or  a  hard  bind ;  if  sand  and  clay  are  mixed  in  the  sludge, 
the  stratum  is  then  a  sandy  bind  or  a  sandy  shale.  The  colour  of 
the  rock  will  be  similar  to  the  colour  of  the  sludge,  but  there  will 
also  be  fragments  of  the  ground  which  will  indicate  its  nature. 
The  thickness  of  each  stratum  can  generally  be  ascertained 
accurately,  because,  when  the  chisel  passes  from  one  stratum  to 
another,  some  difference  is  felt  by  the  man  at  the  cross-head,  and 
the  depth  of  rods  in  the  hole  is  then  exactly  noted.  If  the 
ground  is  not  very  hard  the  sludger  will  have  to  be  sent  down 
twice  before  the  hole  is  clean.  Then  the  chisel 
is  sent  down  again ;  a  sharp  one  is  sent  down 
each  time. 

It  is  often  necessary  to  obtain  larger  speci- 
mens of  the  ground  through  which  a  boring  is 
made  than  the  small  bits  that  adhere  to  the 
chisel  or  are  drawn  by  the  sludger,  and  for  this 
purpose  a  core-cutter  is  used.  This  cutter  often 
consists  of  a  four-pronged  fork.  At  the  end  of 
each  prong  is  a  chisel,  as  shown  in  Fig.  75  (15). 
This  fork,  instead  of  cutting  the  whole  of  the 
ground  away,  only  cuts  a  ring,  leaving  a  core 
standing  up  in  the  middle.  A  different  kind  of 
core-cutter,  as  shown  in  Fig.  75  (24),  is  some- 
times used ;  this  has  more  of  a  grinding  action, 
and  by  twisting  it  round  a  circular  groove  is  made. 
The  core  having  been  cut,  the  next  process 
is  to  break  it  off  and  lift  it  up,  using  the  core- 
extractor,  as  shown  in  Fig.  75  (t6).  The  bell 
a  is  lowered  over  the  core  d;  the  wedge  b 
jams  one  side  of  the  bell  against  the  core,  thus 
breaking  it  off;  the  springs  c  help  to  hold  the 
core  in  the  bell  whilst  it  is  being  drawn  up.  Another  core- 
extractor  is  shown  in  Fig.   76.      The  cylinder   a  a  is  lowered 


Fig.  76.— Core- 
grapnel. 
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down  over  the  core,  the  small  steel-spring  cutters  b  being  forced 
back  by  the  entering  core ;  the  cylinder  is  now  turned  round  and 
slightly  lowered  and  lifted  alternately  so  as  to  cause  the  points 
of  the  four  steel  cutters  to  enter  into  the  lower  part  of  the  core  c. 
The  iron  ring  d  is  lowered  down  inside  the  cylinder  a,  and  over 
the  core  and  on  to  the  top  of  the  four  steel  cutters,  forcing  them 
against  the  core.  The  cylinder  a  is  now  jerked  upwards,  and  the 
core  broken  off  and  drawn  to  the  top.  In  order  to  get  a  good  core 
by  this  process  it  is  necessary  that  the  hole  should  not  be  too 
small,  and  it  would  probably  be  of  little  use  trying  to  get  a  core 
with  these  tools  in  a  hole  much  less  than  4  inches  in  diameter. 
When  a  core  can  be  got,  it  gives  much  more  satisfactory  evi- 
dence of  the  nature  of  the  strata  than  can  be  obtained  with  the 
sludger. 

Details  of  Apparatus  for  recording  Direction  and 
Angle  of  Dip. — In  some  cases  the  direction  and  the  amount  of 
dip  of  the  strata  can  be  ascertained  from  the  core.  Suppose,  for 
instance,  that  when  the  core  reaches  the  top  of  the  hole  it  has  not 
been  turned  since  it  was  detached  from  the  solid  ground,  then,  if 
there  are  any  lines  of  bedding  in  the  sample,  they  may  be  noted, 
both  as  to  direction  and  angle.  But  to  avoid  any  error  resulting 
from  the  turning  of  the  core  during  extraction,  it  is  sometimes 
marked  before  it  is  detached  from  the  solid  ground.  A  boring- 
tool,  the  lower  end  of  which  is  a  ring  on  which  is  fastened  a 
cutter  at  the  outer  edge,  is  lowered  into  the  hole.  This  cutter  is 
very  gently  struck  upon  the  top  of  the  core,  the  position  of  the 
cutter  as  regards  points  of  the  compass  being  noted  at  the  time 
the  blows  are  struck.  When  the  core  is  subsequently  withdrawn, 
the  marked  side  is  placed  in  the  same  direction  as  that  in  which 
the  cutter  was  previously  held. 

Speed  of  Borings. — When  a  hole  is  first  started,  with  good 
men  and  good  tackle,  a  boring  in  the  coal  measures,  shale  and 
bind,  may  be  made  at  the  rate  of  12  inches  an  hour;  but  after  a 
depth  of  some  20  yards  is  reached,  the  speed  is  much  reduced, 
owing  to  the  time  required  for  drawing  and  lowering  the  rods.  It 
is  evident  that  the  time  thus  occupied  will  increase  with  the  depth 
of  the  hole,  so  that  in  deep  bore-holes  the  progress  is  very  slow, 
no  matter  how  easy  to  bore  may  be  the  stratum,  and  with  such 
apparatus  as  has  been  described  the  speed  of  boring  would  be 
quickly  reduced  to  12  inches  in  24  hours. 

Machine-Boring. — In  order  to  increase  the  speed  of  boring, 
steam  machinery  is  employed  and  other  methods  adopted  to  save 
time.  If  a  high  pulley-frame  is  used,  a  long  length  of  rods  can 
be  unscrewed  at  once ;  thus  if  the  pulley  is  about  70  feet 
above  the  platform,  60  feet  of  rods  can  be  detached  at  once, 
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and  this  causes  a  great  economy  of  time.  If  a  steam-winch  or 
winding-engine  is  used  for  raising  and  lowering  the  rods,  and  if 
the  sludger  is  lowered  and  raised  by  a  rope  instead  of  rods,  there 
is  a  further  economy  of  time;  and  if,  instead  of  a  spring-pole 
worked  by  men,  a  beam  worked  up  and  down  by  a  steam-engine 
is  used,  a  greater  speed  can  be  attained.  With  this  improved 
apparatus  the  speed  of  boring  can  be  quadrupled.  Fig.  77  shows 
a  boring-frame  and  machinery  erected  by 
M.  Dru,  a  well-known  engineer.  A, 
boring-rods ;  S,  screw  by  which  they  are 
lowered  as  the  cross-head  h  is  turned 
round ;  C,  vertical  steam-engine  by  which 
movement  is  given  to  the  beam ;  E,  lower 
stop-block  used  for  giving  a  jar  to  the 
free-fall  cutter;  F,  upper  stop-block  to 
prevent  the  rods  descending  too  far;  T, 
horizontal  steam-engine  for  working  the 
winding  apparatus ;  V,  drum,  and  V,  rope 
for  raising  and  lowering  the  sludger ;  Q, 
drum,  O,  chain,  and  P  blocks,  for  raising 
and  lowering  the  rods ;  M,  housing  to 
permit  work  to  be 
carried  on  in  winter. 
An  apparatus  of  this 
kind  is  suitable  for 
holes  varying  in  dia- 
meter from  4  inches 
up  to  4  feet. 

In  hard  rock  the 
progress  by  the  old 
system  of  hand-boring 
is  often  exceedingly 
slow,  perhaps  not  1 
inch  in  24  hours ;  with 
steam  machinery  it  is 
possible  to  strike  much 
harder  blows,  and  so 
obtain  more  rapid  pro- 
gress. 
Fracture  of  Rods. — It  is,  however,  at  once  apparent  that 
if  with  a  great  length  of  rods,  say  500  to  1000  feet,  a  rapid  blow 
is  struck,  this  will  cause  great  vibration,  a  tendency  to  buckle, 
and  a  liability  to  fracture ;  indeed,  this  liability  to  fracture  is  so 
great  that  it  is  almost  certain  to  occur  before  very  long. 

Sliding  Joint.— To  reduce  this  liability  to  fracture,  a  sliding 


Fig.  77. — Vertical  section  of  boring-shed. 
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joint  (Fig.  78)  is  often  used.  This  joint  maybe  from  10  to  20  yards 
above  the  chisel,  the  length  of  rods  B  B  below  the  joint  being 
made  specially  heavy  and  strong.  When  the  rods  descend  and  the 
chisel  strikes  the  ground,  the  upper  length  of  rods,  A,  do  not 
cease  their  movement,  owing  to  the  sliding  joint,  and  they  descend 
until  the  beam  suspending  them  has  completed  its  stroke,  and 
thus  the  shock  of  contact  with  the  rock  at  the  bottom  is  avoided. 
On  the  upstroke  the  collar  a,  suspended  by  the  fork  F  from 
the  rods  A,  catches  against  the  projecting  cross-head  M  on  B,  and 
so  the  cutter  is  lifted  again. 

Free-fall  Cutter. — Whilst  the  sliding  shears  save  the  rods, 
it  is   not   altogether   satisfactory,  inasmuch   as   the   speed   with 

Fig.  81. 


Fig.  78.— 
Sliding 
joint. 


Figs.  79,  80. — Kind's  dis- 
engaging apparatus  for 
free-fall  cutter. 


Figs.  81-84 — Fabian's  dis- 
engaging apparatus  for 
free-fall  cutter. 


which  the  chisel  strikes  the  bottom  is  no  greater  than  the  speed 
of  the  whole  mass  of  rods  in  the  hole.  To  increase  the  speed  and 
therefore  the  effectiveness  of  the  blow,  a  free-fall  cutter  is  used ; 
with  this  apparatus  the  lower  length  of  rods  and  the  chisel  are 
lifted  from  the  bottom  of  the  hole  a  suitable  distance,  say  2  feet 
more  or  less.    They  are  then  disengaged  from  the  rods  above  and 
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allowed  to  fall  with  the  speed  due  to  their  gravity,  modified1  by  the 
resistance  of  the  water.  This  speed  is  much  greater  than  that  with 
which  it  is  safe  to  move  the  bulk  of  the  rods.  After  the  chisel  has 
fallen,  the  rods  are  lowered  to  take  hold  of  the  chisel  and  then 
lift  it  up  again.  Figs.  79  and  80  show  the  disengaging  apparatus 
as  used  by  Herr  Kind,  a  well-known  German  engineer.  A  A 
are  the  lower  length  of  rods  to  which  the  chisel  is  fastened ;  a 
is  the  knob  at  the  top ;  R  R  are  the  jaws  of  a  pair  of  nippers 
which  turn  the  pins  Q  Q ;  B  B  are  the  upper  rods  fastened  to  the 
boring-beam ;  P  is  a  piston  rather  smaller  than  the  bore-hole, 
which  is  free  to  slide  a  short  distance  on  the  bore-rod  B ;  W  is 
a  wedge  attached  to  the  piston  by  the  thin  rods  S.  Two  holes  are 
bored  in  the  wedge  at  an  angle  of  40°  from  the  vertical ;  through 
these  two  holes  pass  two  rods  N  N,  which  are  the  upper  levers  of  the 
nippers.  If  W  is  drawn  up,  N  N  are  drawn  together,  and  the  jaws 
R  R  are  opened,  allowing  the  rods  A  A  tp  fall.  If  W  is  lowered, 
N  N  are  moved  apart,  and  the  jaws  are  closed,  gripping  the  knob  a. 
Suppose  the  rods  in  the  bore-hole  with  the  cutters  •  suspended 
say  3  feet  from  the  bottom,  and  the  rods  now  rapidly  lowered. 
The  piston  P,  supported  by  the  water,  does  not  fall  (except  slowly); 
this  draws  the  wedge  W  over  the  ends  N,  so  opening  the  jaws  and 
allowing  the  chisel  to  fall.  The  rods  B  B  continue  their  descent 
until  the  jaws  R  R  have  come  over  the  knob  a.  The  rods  B  B 
are  now  moved  upwards ;  the  piston  P  does  not  move  up  on 
account  of  the  resistance  of  the  water  and  its  own  gravity,  so  the 
wedge  W  is  forced  down,  so  closing  the  jaws,  gripping  the  little 
knob  a,  by  which  the  lower  rods  and  chisel  are  lifted. 

Fabian. — Another  engineer  named  Fabian  has  a  free-fall 
cutter  as  shown  in  Figs.  81-84.  As  in  Kind's  apparatus,  the 
lower  length  of  rods  is  very  strong  and  heavy,  with  a  cutting  tool 
attached  to  the  bottom.  The  upper  rods  A  terminate  in  a  bell 
or  cylinder  B ;  the  bottom  of  the  cylinder  is  closed  solid  except 
for  a  hole  E  through  which  the  lower  rods  C  C  can  move ;  at 
the  top  of  C  is  a  cross-head  /  (Figs.  83  and  84).  Four  slots  in  the 
cylinder  fit  each  head  p;  at  the  top  of  these  slots  they  are 
widened  as  shown  at  N  (Figs.  81  and  82) ;  on  the  four  seats  thus 
formed  by  the  enlargements  the  cross-head  /  can  rest.  Suppose 
the  tool  is  suspended  in  the  bore-hole,  say  2  feet  from  the  bottom, 
a  sudden  turn  of  the  rods  A  from  left  to  right  will  cause  the  cross- 
head  P  to  slip  off  the  seats  at  N  and  drop  the  length  of  the  slot. 
The  rods  A  are  now  lowered  till  the  cross-head  is  at  the  top  of 
the  slot,  when  they  are  turned  from  right  to  left,  catching  under 
the  cross-head  P,  which  is  thus  lifted  ready  for  another  stroke. 

Dru.— This  disengaging  apparatus  (see  Figs.  85-88)  is  used 
with  a  machine  which  is  shown  in  Fig.   77.     The  upper  rods  A 
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terminate  in  a  cylinder  or  fork,  K.  At  the  top  of  this  is  a  hinged 
hook,  J,  which  catches  on  the  knob  H  at  the  top  of  the  falling 
rods.     When  the  beam  B  (shown  in  Fig.  77)  strikes  the  post  E 

Fig.  85.  Fig.  86.  Fig.  87.  Fig.  88. 


DISENGAGING  APPARATUS  FOR   FREE-FALL   CUTTER  (m.   DRU). 

Figs.  85  (side  view),  86  (front  view),  boring-rod  ascending  and  raising 
the  tool.  Figs.  87  (at  moment  of  shock),  88  (tool  falling),  libera- 
tion of  tool  by  shock  at  top  of  stroke. 

it  causes  a  jar,  and  the  cutting  tool  D  (Fig.  87)  jumps  in  the 
cylinder  K,  also  the  hook  J,  which  has  an  enlarged  eye  and  is 
thrown  on  one  side  by  the  inclined  shoulder  L  (Fig.  87).     The 
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Fig.  8g. 


hook  H  is  thus  free  to  fall,  as  in  Figs.  86-88 ;  the  rods  A  con- 
tinue to  descend  till  the  hook  J  has  re-engaged  itself  on  the 
knob  H,  when  it  is  again  lifted. 

Arrault. — M.  Arrault,  of  Paris,  has  an  hydraulic  slide-joint 
(shown  in  Fig.  89).  In  this  case  the  lower 
rods  L  have  a  piston,  P,  near  the  top  ;  which 
works  in  a  cylinder,  A  A.  The  cylinder  is 
suspended  from  the  upper  rods  U  by  the 
fork  F.  Suppose  the  rod  suspended  in  the 
hole  with  the  chisel  say  3  feet  from  the 
bottom,  the  weight  of  the  lower  rods  and 
the  cutting  tool  will  cause  them  to  fall.  This 
they  do  at  first  slowly,  because  the  cylinder 
is  full  of  water,  and  the  piston  fits  the  upper 
end  rather  closely;  the  water  is,  however, 
able  to  escape  through  the  holes  h  h  which 
lead  from  the  lower  part  of  the  •  contracted 
portion  of  the  cylinder  to  the  top  of  the 
cylinder,  so  that  the  water  can  pass  through 
these  holes  from  the  under  to  the  upper  side 
of  the  piston ;  when  the  piston  is  past  these 
holes  it  enters  the  enlarged  portion  of  the 
cylinder,  and  thus  can  fall  more  rapidly. 
After  the  chisel  has  struck  the  blow,  the  rods 
U  continue  to  fall  until  the  contracted  por- 
tion of  the  cylinder  is  over  the  piston ;  the 
upper  rods  are  then  lifted,  raising  the  cutting 
tool  at  the  same  time,  because  the  piston 
can  only  move  slowly  through  the  con- 
tracted part.  The  speed  at  which  it  can 
fall  is  regulated  by  the  screws  J  J.  n  n  are 
stuffing-boxes.  Fig.  90  shows  a  section  of 
the  upper  portion  of  the  cylinder  A. 

Bods. — For  deep  borings  it  is  common 
to  substitute  wood  for  iron  in  the  construc- 

f.g.  89.-$£eSdi  cutter:  tion,  of  the  rods-     These  wooden  rods  are 

hydraulic  slide  (Arrault).  made  as  long  as  the  height  of  the  pulley- 

pistonaworkmg1nr  cyiin-  frame  permits,  so  as  to  reduce  the  number 

der ;  »,  stuffing-boxes ;  0f  joints,  and  will  be  in  lengths  of  from  xo 

«,    holes  through  which  i      c      .  Jr  ,     .       -  °.       ,  J 

water  can  escape  ;  u,   to  oo  feet,  and  trom  2f  to  6  inches  square. 

?rr^utCteflow:ofwat«!  At  each  end  ?f  the  wooden  rod  an  iron  fork 
fig.  90.— Ditto.  Section  is  bolted  or  riveted  on  ;  this  fork  is  formed 

across  x y.  at  ^g  end  [nio  a  r0(J  wjtn  &  screW)  by  meanS 

of  which  it  can  be  joined  to  the  next  rod  (see  Fig.  91).  In  order 
to  prevent  the  rods  unscrewing  if  they  are  turned  the  reverse  way, 
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a  locking-clamp  is  put  over  the  joint  (see  Fig.  91).  Since  the  wood 
is  lighter  than  water,  its  buoyancy  tends  to  support  the  weight  of 
the  iron  joints,  and  thus  the  dead  weight  suspended  in  the  hole 
and  the  strain  upon  the  rods  are 
reduced.  In  order  to  save  time 
in  raising  and  lowering  the  sludger, 
this  is  frequently  done  by  means  of 
a  rope  and  steam  winding-engine, 
the  rods  being  only  used  for  bor- 
ing, core-drawing,  and  for  lower- 
ing lining-tubes.  To  reduce  the 
vibration  of  the  rods  in  large 
holes,  a  lantern  guide  is  used  (see 
Fig.  92). 

Rope  Boring. — Instead  of 
rods,  a  rope  is  sometimes  used. 
Perhaps  the  best  example  of  rope 
boring  is  the  method  practised  in 
the'  Pennsylvanian  oil  regions, 
where  bore-holes  varying  from 
1000  to  2500  feet  in  depth  are 
frequently  put  down.  The  ap- 
paratus used  in  this  process  is 
shown  in  Figs.  93-98.1  The 
motive  power  is  supplied  by  a 
steam-engine.  The  boiler  is  gene- 
rally situated  some  distance  away, 
say- 50  yards  or  more,  and  the  fire 
is  frequently  maintained  by  gas 
piped  from  some  neighbouring  bore-hole.  A  belt  from  the  engine 
(Fig.  93,  A)  drives  the  machine  at  the  top  of  the  bore-hole.  A 
length  of  rods  62  feet,  weighing  2100  lbs.  (Fig.  96,  A)  is  attached 
to  the  end  of  a  hemp  rope  and  lowered  to  the  bottom  of  the 
hole ;  the  rope  is  then  clamped  to  a  cross-head,  C  (Fig.  96),  sus- 
pended by  chain  and  swivel  from  the  end  of  the  beam.  The 
beam  lifting  the  rope  up  and  down  causes  the  chisel  to  strike  the 
bottom  of  the  hole  by  its  own  weight,  a  sliding  joint,  called 
"jars,"  J  K  (Fig.  96),  allowing  the  rope  to  descend  after  the  tool 
has  reached  the  bottom,  thus  keeping  the  rope  straight  By 
means  of  the  cross-head  the  chisel  is  twisted  between  each  blow. 
As  the  hole  is  deepened,  the  temper-screw  B  (Fig.  96)  is  untwisted, 
so  lowering  the  cross-head  and  clamp  D  to  which  the  rope  is 
attached.      When  this  screw   has  been   run   out,  the  clamp   is 

1  Figs;  93-98  are  taken  from  the  report  of  the  Second  Geological  Survey  of 
Pennsylvania. 


Fig.  £i. — Locking 
clip  to  prevent 
unscrewing  of 
couplings,  scale 
rV  <*>  plan  of 
clip. 


Fig.  92. — Lantern  for 
guiding  lower  end 
of  boring-rod.  a, 
plan  of  lantern. 
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slackened,  the  screw  is  run  up  again,  and  the  clamp  tightened 
again  3  or  4  feet  higher  up  the  rope.     The  tool  is  withdrawn  by 
the  drum  D  (Figs.  93-95),  driven  by  the  steam-engine;  and  the 
sludger  is  attached  to  the  end  of  the 
sand-reel  line.      The  sludger  is  here 
called   a  sand-pump,  and  contains   a 
pump-bucket  as  well  as  a  clack,  some- 
what similar  in  principle  to  that  shown 
in  Fig.   10 1.      A  few  strokes  of  the 
bucket  fill  the  shell  with  sand  or  sludge, 
which  is  then  withdrawn  ;    this  opera- 
tion may  be  repeated  several  times  to 
clean  the  hole.     The  work  is  carried 


Fig.  95- 


Fig  94- 


Fig.  93. — American  rope-boring  :  side  elevation.  A,  engine  ;  B,  pulley  frame  ; 
C,  pulley ;  D,  Bull-wheel ;  E,  sand-line  reel ;  F,  driving  belt  ;  G,  Boring- 
beam  ;  H,  cross-head  ;  I,  rope.  Fig.  94 — Horizontal  projection.  Fig.  95. — 
End  elevation. 

on  by  two  men,  who  also  regulate  the  engine  by  long  rods,  and 
sharpen  the  tools ;  if  the  bore-hole  is  going  day  and  night,  they 
are  relieved  by  two  other  men.  In  ground  which  is  easy  to  bore, 
a  great  speed  is  attained,  varying  from  20  feet  to  upwards  of  200 
feet  in  twenty-four  hours.     The  height  of  the  derrick  is  75  feet 
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from  the  ground.      The  method  of  lining  the  holes  with  iron 
tubes  is  shown  in  Fig.  97. 

In  this  case  the  upper  part  of  the  hole  is  lined  with  8-inch 
pipes  driven  through  the  soft  ground  into  the  bed  of  rock  below. 
The  hole  is  then  bored  7!  inches  in  diameter,  and  down  this  are 
put  pipes  sf  inches  internal  diameter.  The  bottom  of  these  pipes 
has  a  sharp  cutting  edge,  which,  when  driven  fast  into  the  strata, 
may  make  a  water-tight  joint,  so  that  the  water  met  with  in  the 
upper  part  of  the  boring  will  not  find  its  way  into  the  hole.     In 


Fig.  96. — Tools  used  in  drilling  oil-wells.  A,  rods  and  chisel;  B,  temper  screw; 
C,  cross  head ;  D,  rope  clamp  ;  /,  jars  ;  K,  K7,  section  of  jars,  /  ;  a,  sinker  bar  ; 
b,  auger  stem  ;  dt  rope  sockec ;  e,  ring  socket  \f,  club  bit ;  /',  edge  view  same  ; 
gt  reamer  ;  g1,  bottom  view  same  ;  h,  centre  bit ;  h'y  side  view  same  ;  *',  reamer  ; 
it  bottom  view  same  ;  m,  winch. 

order,  however,  to  make  sure,  the  5|-inch  tube  is  surrounded  near 
the  bottom  with  a  bag  several  feet  long  filled  with  flax  seeds,  this 
bag  being  lowered  with  the  tube  to  which  it  is  tied  fast  at  the 
top  and  bottom.  After  a  time  the  flax  seeds  swell  and  compress 
the  bag  against  the  ground  and  the  pipes,  thus  helping  to  make  a 
water-tight  joint.  A  third  tube  of  2  to  -3  inches  bore  is  lowered 
nearly  to  the  bottom  of  the  hole.  At  the  surface  a  cover  is 
fixed  on  to  the  5f-inch  pipe,  and  the  small  pipe  passes  through 
a  gas-tight  joint.  Gas  can  pass  up  between  the  small  pipe  and 
the  5  f -inch  pipe,  and  can  be  conveyed  away  to  be  burnt  by 
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branch  tubes ;  the  centre  pipe,  which  is  the  oil-pipe,  has  also  a 
delivery  branch.  When  first  the  hole  is  bored,  the  pressure  of 
the  gas  forces  the  oil  out  through  the  small  tube,  and  it  is 
conveyed  by  pipes  to  tanks.  As  the  supply  of  oil  gets  less,  it 
is  often  necessary  to  put  down  pumps,  as  shown  in  the  figure. 
A  small  clack-valve  is  placed  at  the  bottom  of  the  internal  tube, 
a  small  bucket  works  above  it,  the  top  of  the  bucket-rod  works 


Bottom  of  7Vs  hole 


-Derrick 
Floor 


Bottom-ofJfs  Gzsinq 


derrick 


^  Slate  or  ShaZe 

Figs.  97,  98. — American  rope-boring  :  lining  of  holes. 

through  a  stuffing-box  at  the  top  of  the  tube,  and  the  oil  is 
pumped  up.  When  the  supply  of  oil  gets  still  shorter,  the  bottom 
of  the  hole  is  sometimes  enlarged  by  means  of  a  torpedo.  This 
consists  of  a  long  tin  tube  containing  say  40  quarts  of  nitro- 
glycerine, more  or  less ;  at  the  top  of  the  tube  is  a  large  percussion 
cap  and  hammer.  The  tube  is  lowered  into  the  hole  by  a  cord, 
and  when  it  has  reached  the  bottom  an  iron  weight  is  dropped 
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down  the  shaft,  which  hits  the  hammer  and  so  explodes  the 
torpedo.  This  has  the  effect  of  enlarging  the  bore-hole  at  the 
bottom  and  increasing  the  flow  of  oil  to  the  hole. 

Plat  Ropes.— In  England  and  on  the  Continent  fiat  ropes 
have  been  used  for  boring,  and  have  some  advantages.  One 
of  the  best-known  methods  of  boring  with  flat  ropes  is  that  of 
Messrs.  Mather  and  Piatt.  Their  boring  apparatus  will  be  under- 
stood on  reference  to  Figs.  99  and  100.  The  steam  is  brought  from 
some  boiler  to  operate  two  separate  engines ;  one  of  them,  D,  is 


*—r-*   1    i    1    <    t    t    r    f   f    r*- 
Fig.  99. — Mather  and  Piatt :  engines  and  frame. 


the  winding-engine,  by  means  of  which  tools  are  raised  and 
lowered ;  the  other,  H,  is  the  boring-engine,  by  means  of  which 
the  rope  is  raised  a  sufficient  height  for  each  stroke  of  the  boring- 
tool.  The  tool  B  and  also  Fig.  100  is  a  heavy  steel  or  iron  bar; 
at  the  bottom  are  fixed  some  steel  chisels,  the  number  depending 
on  the  size  of  the  hole,  say  eight  or  more.  When  about  to  work  the 
tool,  which  has  been  lowered  to  the  bottom  of  the  hole,  the  clamp 
J  is  fastened,  holding  that  end  of  the  rope  tight ;  steam  is  then 
turned  into  the  boring-cylinder,  which  raises  the  piston-rod,  carry- 
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ing  above  it  the  pulley  G.  It  is  evident  that,  if  this  pulley  is  raised 
i  foot,  the  tool  suspended  in  the  hole  must  be  raised  2  feet, 
because  the  rope  on  the  other  side  is  made  fast  by  the  clamp ; 
by  opening  a  valve  the  steam  escapes  from  under  the  piston, 
which  then  drops,  and  the  tool,  which  falls  twice  as  fast  as  the 
piston,  strikes  a  smart  blow  at  the  bottom  of  the  hole,  the  hard- 
ness of  the  blow  being  regulated  by  the  height  to  which  the  tool 
is  lifted,  the  engine-driver  being  able  to  regulate  this  by  special 


Fig.  100. — Mather  and  Piatt's 
drilling-tool. 


Fig.  101. — Mather  and 

Piatt's  sand-pump- 


valve-gearing  (the  valves  work  automatically).  An  ingenious 
device  is  employed  for  twisting  the  tool  between  each  stroke; 
this  will  be  understood  on  reference  to  Fig.  100.  The  sliding 
collar  J  has  a  toothed  edge  top  and  bottom.  On  raising  the  rope 
this  sliding  collar  fits  into  a  fixed  collar  at  the  top  of  the  boring- 
bar,  the  lower  edge  of  which  has  a  corresponding  set  of  teeth;  on 
lowering  the  rope  when  the  tool  strikes  the  bottom,  the  sliding 
collar  descends,  and  the  lower  set  of  teeth  on  the  lower  fixed 
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collar  become  engaged,  but  in  order  that  they  may  fit  together 
the  sliding  collar  receives  a  slight  twist ;  upon  raising  the  collar  the 
upper  teeth  now  engage  in  the  teeth  above,  but  not  in  the  same 
teeth  as  before,  the  collar  having  turned  one  tooth,  thus  putting 
a  slight  twist  upon  the  rope.  When  the  weight  of  the  tool  is 
lifted  from  the  ground,  the  tension  due  to  this  weight  tends  to 
untwist  the  rope  and  slightly  to  turn  the  tool  as  it  is  held  in 
suspension,  so  that  when  it  strikes  the  bottom  of  the  hole  it  cannot 
strike  in  precisely  the  same  place  as  before.  To  cleanse  the  hole 
the  sand-pump  is  used  (Fig.  101)  in  a  similar  manner  to  that 
already  described  in  round-rope  boring.  With  this  machine  holes 
varying  in  diameter  from  8  inches  up  to  2  feet  have  been  bored, 


Swedish  Hand  Borinc  Machine 


Fig.  102. — Hollow  rods. 

with  varying  success.     It    would  appear,  however,  that  in  hard 
ground  there  is  some  liability  to  fracture. 

Hollow  Rods.— In  place  of  solid  rods,  hollow  rods  made  ot 
steam  tubes  screwed  together  are  sometimes  used,  the  chisel  being 
attached  rigidly  to  the  rods,  down  which  a  stream  of  water  is 
pumped  (Fig.  102).  The  water,  issuing  from  the  rods  just  above 
the  cutting  chisel,  returns  outside  them,  and  carries  with  it  the 
sludge  and  gravel  made  by  the  chisel ;  the  sludge  is  deposited  in 
a  can,  from  which  the  water  flows  at  the  top,  and  by  con- 
tinual observation  of  the  deposit  brought  up  by  the  water  the 
nature  of  the  strata  can  be  gathered.  By  this  method  of  boring 
it  is  only  necessary  to  draw  the  chisel  when  it  is  blunt.     It  is 
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not,  however,  largely  practised,  and  it   is  only  suitable  for  soft 
ground. 

Broken  Rods. — In  case  the  rods  should  break,  a  grapnel  is 
used  to  extract  the  portion  remaining  in  the  hole.  Fig.  75  (9) 
shows  a  simple  kind  of  grapnel  used  for  the  ordinary  iron  rods. 
It  is  a  tube  about  5  feet  long,  open  and  bell-shaped  at  the 
bottom,  with  a  screw  at  the  top  by  which  it  is  attached  to  the 
rods;  inside  the  tube  are  four  steel  blades  which  spring  from 
the  sides  near  the  bottom.  To  extract  the  broken  rods  this 
tube  is  lowered  until  it  passes  over  the  broken  end  of  the  rod, 
which  rises  up  inside  the  tube  until  the  broken  end  has  reached 
the  top ;  the  tube  or  grapnel  is  then  raised  until  the  steel 
blades  catch  against  the  shoulder  on  the  broken  rod,  beyond 
which  they  will  not  pass,  and  the  tube  cannot  now  be  withdrawn 

from  the  hole  without  either  a 
fracture  of  these  steel  blades 
or  else  raising  the  broken 
rod.  There  are  many  forms 
of  grapnel. 

Wolffs  Grapnel.— This 
grapnel  is  designed  to  catch 
hold  of  a  broken  rod,  but  is 
so  constructed  that,  if  it  is 
found  impossible  to  withdraw 
the  rods  which  it  has  seized, 
they  may  be  unfastened,  and 
thus  the  upper  length  of  rods 
can  be  withdrawn,  which 
otherwise  would  be  impos- 
sible if  they  were  held  fast  by 
the  grapnel  to  the  broken  rods 
below,  which,  in  their  turn, 
were  jammed  fast  in  the  hole. 
Fig.  103  shows  this  grapnel.1 
B  B  is  a  bell-mouth  suspended 
by  the  fork  d  d  and  the  nut  e 
from  the  screw/,  the  thread  of 
which  is  turned  in  the  lowest 
boring-rod  ;  c  c  are  steel  jaws  with  sharp  teeth  slanting  up,  kept 
apart  by  the  piece  of  wood  n,  and  suspended  from  the  rod^  by  the 
collar  P.  When  B  is  lowered  over  the  end  of  a  broken  rod,  //,  the 
wood  is  pushed  out  by  the  rod,  and  the  jaws  spring  together  upon 
the  rod,  and  if  the  upper  rods  are  now  turned  round,  the  jaws  and 
the  bell  are  prevented  from  turning,  consequently  the  nut  e  is 
1  J.  C.  Jefferson,  Midland  Institute  of  Mining  Engineers. 


Fig.  103. — Grapnel  jaws. 
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lifted  and  the  bell  B  is  drawn  up  and  compresses  the  jaws,  so  that 
they  hold  the  rod  firmly.  In  order  to  relax  this  grip  the  rods 
must  be  turned  the  other  way ;  then  the  nut  e  will  be  lowered 
and  the  bell  with  it.  Other  tools  for  recovering  broken  rods  are 
shown  in  Fig.  104,  and  in  Fig.  105  is  shown  the  application  of 
the  hook-grappler. 

Parachutes.— In  boring  deep  holes  it  sometimes  happens 
that,  in  withdrawing  the  rods,  by  some  accident  they  are  allowed 
to  fall ;  if  they  had  to  fall  a  great  distance  before 
striking  the  bottom,  the  result  would  be  a  disas- 
trous smash.     Parachutes  are  therefore  placed  at 
intervals  on  the  rod.     These  are  pistons  loose  on 
the  rods,  sliding  between  two  collars;  they  do  not 
fit    tight    in   the    bore-hole,    but 
leave  space  for  the  water  to  pass 
by  them  as   they  are  raised   up 
and  down.     When  the  bore-rods 
are  raised,  these  pistons  are  sup- 
ported   by   the    bottom    collar; 
when  the  boring-beam  goes  down 
and  the  rods  are  lowered  for  the 
blow,    they    slide    through    the 
piston  faster  than  it  can  fall  with 
them,  owing  to  the  resistance  of 
the  water  ;  thus  there  is  not  much 
resistance  to  the  working  of  the 
rods  on  account  of  these  safety- 
pistons.    If,  on  the  other  hand,  the  rods  should  be  accidentally 
dropped,  the  pistons,  catching  against  the  upper  collar  and  bear- 
ing against  the  water  in  the  hole,  limit  the  velocity  of  descent, 
and  thus  reduce  the  chances  of  breakage. 

Lining-Tubes. — When  a  hole  is  bored  through  soft  ground 
the  sides  of  the  hole  are  apt  to  break  off  in  places  and  encumber 
the  bottom  of  the  hole  with  dtbris.  This  is  due  partly  to  the  rods 
occasionally  knocking  against  the  sides,  partly  to  the  wash  of  the 
water,  and  partly  to  the  pressure  of  the  ground  itself  upon  a 
soft  stratum,  whether  this  be  sand,  gravel,  or  clay.  To  prevent 
this  falling-in  of  the  sides,  it  is  necessary  to  line  the  hole  with 
tubes ;  these  tubes  have  been  made  of  wood,  copper,  zinc,  cast 
iron,  and  wrought  iron,  and  perhaps  of  steel.  Wrought-iron  tubes 
are  those  that  have  hitherto  been'  chiefly  adopted ;  these  are  some- 
times made  with  a  longitudinal  seam  riveted,  but  for  small  holes 
a  welded  seam  is  now  generally  used ;  the  joints  at  the  end  of 
each  tube  are  sometimes  riveted  and  sometimes  screwed  (see 
Fig.   75).     When  riveted  joints  are  used,  the  rivet  is   lowered 


Fig.  104. — Tools  for 
recovering  broken 
boring  -  rods,  etc. 
fl,  claw;  b,  screwed 
socket. 


Fig.  105. — Appli- 
cation of  hook- 
grappler. 
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Figs.  106,  107. — Method  of  riveting 
tubes. 


from  the  top  of  the  last  tube  by  means  of  a  wire  (see  Fig.  106), 
and  by  means  of  a  hook  is  pulled  through  the  rivet-hole.  When 
the  rivets  have  been  all  placed  in  position,  a  metal  block  some- 
what tapered  (see  Fig.  107)  is  lowered 
down  inside  the  tube  until  it  presses 
tight  against  all  the  rivet-heads  inside, 
which  are  then  riveted  over  cold  on 
the  outside;  these  riveted  joints  are 
sometimes  slightly  tapered  (see  Fig. 
75,  8a),  so  avoiding  the  use  of  a  collar. 
Sometimes  an  outside  collar  is  used 
(see  Fig.  75,  6),  and  sometimes  a 
flush-joint  is  preferred  (see  Fig.  75,  7). 
Where  the  joints  are  screwed,  there  is 
sometimes  an  outside  collar  (see  Fig. 
75,  8),  and  sometimes  there  is  a  flush- 
joint  (see  Fig.  75,  5) ;  where  there  is  a 
flush-joint  the  middle  of  the  tube  must 
be  thick  enough  to  have  nearly  half 
turned  down  before  it  is  threaded,  and  therefore  it  requires  to  be 
nearly  twice  as  thick  as  where  there  is  an  outside  collar.  This 
system  of  flush-jointed  tubes  is  therefore  more  expensive  than  the 
other,  but  it  is  often  more  convenient,  because,  in  lowering  the 
tubes  down  the  hole,  there  are  no  external  projections  to  catch 
against  the  sides  of  the  hole,  and  in  case  the  tubes  should  have 
to  be  withdrawn — an  operation  which  is  sometimes  done — there 
are  no  projections  to  hinder. 

Reduction  in  Diameter  of  Hole. — It  is  evident  that,  if 
a  lining-tube  has  been  placed  in  the  hole,  the  next  boring-tool 
introduced  must  be  smaller  than  the  original  one,  and  this  reduc- 
tion in  diameter  can  hardly  be  less  than  £  inch,  while  it  may 
sometimes  amount  to  i£  inch ;  therefore  the  introduction  of  two  or 
three  lining-tubes  will  reduce  a  hole  of  moderate  size  to  a  diameter 
which  is  too  small  for  practical  purposes.  For  this  reason,  if  the 
hole  has  to  go  a  great  depth,  it  must  be  started  of  such  a  diameter 
that  numerous  linings  may  be  introduced,  and  still  leave  a  suffi- 
cient diameter  for  further  boring;  thus  if  a  hole  was  started 
12  inches  in  diameter,  six  lining-tubes  might  be  introduced,  and 
still  leave  a  hole  6  inches  in  diameter  at  the  bottom.  And  very 
deep  holes,  that  is  to  say,  holes  of  2000  feet  and  upwards,  should 
not  be  started  less  than  about  18  inches  in  diameter.  Of  course, 
if  it  is  known  at  the  outset  that  sands  and  very  soft  clays  will  be 
met  with  near  the  surface,  a  still  larger  diameter  might  be  adopted. 
It  frequently  happens  that  the  necessary  number  of  lining- 
tubes  has  not  been  foreseen,  and  that  the  hole  has  been  already 
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reduced  so  much  that  it  cannot  be  carried  further  if  additional 
lining-tubes  are  introduced,  and  it  becomes  desirable  to  drive 
the  last  set  of  lining-tubes  further  down  the  hole.  To  make  this 
possible,  it  is  necessary  to  rime  out  the  hole.  Numerous  kinds 
of  rimers  have  been  made,  some  consisting  of  curved  chisels  with 
sharp  sides  opening  by  means  of  a  spring. 

The  kind  of  rimer  made  by  Kind  is  shown  in  Fig.  108.  In 
this  case  the  cutter  is  made  of  two  pieces  of  steel  hinged  on  the 
pin  b,  with  shoulders,  a,  on  which 
is  formed  the  cutting  edge.  The 
cutters  can  be  closed  together  as 
shown  in  Fig.  108,  or  they  can  be 
opened  out  as  shown  in  Fig.  109. 
This  is  effected  by  means  of  the 
wedge  c,  which  is  drawn  up  by  the 
cord  d,  opening  out  the  chisels  to 
the  distance  permitted  by  the  link 
h.  By  means  of  this  or  smaller 
tools  the  hole  may  be  enlarged. 

It  is  evident  that  this  form  of 
chisel  leaves  a  shoulder  of  rock,  e, 
supporting  the  tubes.  In  order  to 
remove  this  shoulder,  a  similar  tool 
to  that  shown  in  the  figure  is  used. 
But  the  cutting  edge  b  is  formed  to 
cut  upwards,  as  shown  by  the  dotted 
lines  in  Fig.  109,  so  that  by  jerking  it 
upwards  the  shoulder  e  is  cut  away. 

Diamond  Drill.  —  The  dia- 
mond drill  is  an  example  of  the 
process  of  boring  by  grinding  in- 
stead of  percussion.  The  diamond 
is  the  hardest  or  one  of  the  hardest  substances  known,  and  is 
much  harder  than  any  rocks  through  which  borings  have  to  be 
made,  and  therefore,  if  a  diamond  is  pressed  against  any  other 
substance  and  then  moved  along  the  surface  of  this  substance, 
it  will  scratch  it.  There  is  a  species  of  diamond  which  is  of  no 
value  for  ornamental  purposes,  and  is  therefore  much  cheaper 
than  the  brilliant ;  it  is  this  dull  kind  of  diamond  which  is  used 
for  boring.  Fig.  no  shows  the  apparatus.  Fig.  in  is  the  boring 
head  or  crown,  which  may  vary  from  2  inches  up  to  18  inches 
in  diameter.  This  is  a  ring  of  steel,  with  shallow  holes  dove- 
tailed as  shown  by  the.  black  marks;  into  these  holes  the 
diamonds  are  placed  surrounded  by  some  soft  metal,  and  then 
the  metal  is  hammered  over  them,  completely  enclosing  the 


Figs.  108,  109. — Widening  borers 
cutting  down  and  cutting  up. 
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stone,   all   excepting   one   slightly   projecting    point   or   corner. 
This  boring-crown  is  screwed  into  the  end  of  a  long  length  of 


Fig.  no. — Diamond  drill  machine,  front  elevation. 


IS 


bevelled  gearing  B. 


Fig.  nt. — Bor- 
ing-crown. 
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Steel  tube  (Fig.  112).     At  the  surface  the  tubes  are  gripped  in 
a  tube,   Q  Q  (Fig.    no),  which   has   on   the  outside  a  rib  or 
feather;    this    feather    slides   vertically  in    a  collar,  which 
fastened  to   and   made  to  revolve  by  the 
The  upper  part  of  the  boring-tube  is  con- 
nected by  water-tight  and  swivel  joints  U 
with  a  hose-pipe  connected  with  a  force- 
pump,  P;   by  means  of  this  pump  water 
is   forced  into    the    interior  of  the   tube, 
and   down   to  the    bottom    of   the  hole, 
where  it   issues    underneath   the    boring- 
crown.      When  the  engine  is  started,  the 
boring-rods    revolve    at    a 
speed  of  perhaps   200   or 
300  revolutions  a  minute, 
and   as   they  are    a    great 
weight  they  force  the  dia- 
monds against    the  rocks, 
which  are  abraded ;  at  the 
same  time  the  water,  issu- 
ing from  the  internal  tube, 
carries  away  the  sand  that 
is  made,  keeping  a   clean 
surface  against  which  the  diamonds  can  act.     The  tubes  are  free 
to  slip  down  inside  the  outer  collar,  and  thus  are  continually 
pressing  at  the  bottom  of  the  hole  as  it  becomes  deeper.    When 
the  tubes  have  fallen  the  length  of  the  outer  collar,  the  gripping- 
tube  is  undamped  from  the  boring-rods  and  raised  up  to  '1116  top 
of  the  outer  collar,  when  it  is  again  clamped,  and  fresh  rods  are 
added  at  the  top  as  the  bore-hole  gets  deeper.   As  soon  as  the  bore- 
hole gets  a  considerable  depth,  the  weight  of  the  rods  becomes  too 
great  to  rest  upon  the  diamonds  without  causing  too  much  friction ; 
this  weight  is  reduced  by  balance-weights.     Wire  ropes  or  chains 
from  the  balance-weights  pass  over  pulleys  R,  and  are  connected 
with  a  loose  collar,  H,  fixed  on  the  gripping-tube,  within  which 
it  is   free  to  revolve,  but  by  which  the  weight  of  the  rods  is 
supported.     The  deeper  the  hole,  the  greater  the  balance-weight 
required. 

Cores. — As  the  boring-crown  only  cuts  a  ring,  the  centre  part 
remains  and  forms  a  core,  which  passes  up  inside  the  hollow 
rods.  The  lower  part  of  the  rods  are  called  a  core-tube,  and  this 
tube  is  sometimes  of  sufficient  length  to  admit  a  core  of  20  feet, 
and  is  usually  of  larger  diameter  than  the  rods  above ;  but  in 
order  that  the  core  may  be  withdrawn  at  the  same  time  with 
the  rods,  it  is  necessary  that  there  should  be  some  kind  of  grip 


Fig.  iiz. — Core-extractor. 
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or  grapnel  inside  the  core-tube.  This  is  made  in  the  following 
manner :  Three  vertical  grooves  at  opposite  sides  of  the  core- 
tube  are  cut  with  an  incline  so  that  the  depth  of  the  groove  is 
less  at  the  bottom  of  it  than  at  the  top,  a  a  (Fig.  112).  Into  each 
of  these  grooves  is  placed  a  sliding  block  of  steel,  b  b,  with  serrated 
edges  inside  ;  these  blocks  press  against  the  core,  and  are  lifted 


Fig.  113. — Diamond  boring-drill. 

up  by  it,  as  it  enters,  towards  the  top  of  the  groove,  where,  owing 
to  the  greater  depth  of  the  groove,  there  is  room  for  the  core  to 
pass.  If  now  the  core-tube  is  raised,  and  the  movable  blocks, 
catching  against  the  core,  remain  stationary,  the  inclined  surface 
of  the  groove  will  press  them  so  tightly  against  the  core,  that  by 
the  time  the  bottom  of  the  groove  comes  against  them  and  forces 
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them  up,  they  will  also  break  off  the  core  from  the  bottom,  and 
bring  it  up  inside  the  tube  (a  split  ring  is  sometimes  used  instead 
of  separate  pieces). 

This  method  of  boring  is  particularly  applicable  to  hard  rocks, 
and  is  nowadays  generally  employed  in  such  ground.  In  rather 
tender  ground,  such  as  is  common  in  the  coal  measures  and  in 
the  New  Red  Sandstone  formation,  borings  have  not  always  been 
successful,  because  the  core  has  been  shattered  by  the  shaking  of 
the  drill,  and  then  carried  away  in  the  form  of  sludge ;  the  nature 
of  the  sludge  has  escaped  detection,  and  a  bore-hole  has  been 
known  to  pass  through  a  good  seam  of  coal,  unknown  to  those 
in  charge.  In  order  to  get  good  cores  in  the  coal  measures,  the 
hole  should  not  be  less  than  6  inches  in  diameter,  and  must  there- 
fore be  started  at  a  still  larger  diameter.  A  special  core-holder 
is  made  to  protect  the  core,  and  has  been  used  with  good  results. 


Fig.  1 1 8. 


Fig.  114. 


^Fig.rrS. 


Fig.  119. 


Fig.  117. 


Fie.  114.— Boring  head.    Fig.  iis-— Core  bit.    Fig.  ii6.— Safety-clamp.    Fig.  117.— Lifting- 
jack.    Fig.  118.— Bayonet  clutch  coupling.    Fig.  119.— Core-lifter. 

This  core-holder  has  an  internal  tube  round  which  the  boring 
crown  revolves,  the  internal  tube  remaining  stationary ;  the  water 
from  the  boring-rods  passes  down  between  the  internal  and  the 
external  tubes ;  the  core  is  thus  saved  from  direct  contact  with 
the  revolving  tube  and  the  stream  of  water.  At  the  top  of  the 
internal  tube  are  some  holes  through  which  the  water  escapes  as 
the  core  rises  up. 

A  similar  machine  (see  Fig.  113)  is  used  in  the  ironstone- 
mines  of  Michigan,  U.S.A.,  for  prospecting.  This  machine  is 
taken  into  the  mines,  and  bores  a  hole  through  the  rock  at  any 
angle  that  may  be  desired,  vertical  or  inclined,  either  at  an  angle 
of  450  or  level.  The  head  A  (Fig.  113)  revolves,  and  can  be 
clamped  at  the  desired  angle.  On  the  machine  is  a  winding-drum, 
B,  by  which  the  rods  can  be  raised  or  lowered.  Fig.  ir4  is  a 
boring-crown,  which  grinds  all  the  stone  away.     Fig.  1 15  is  a  core- 
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cutter.  Fig.  116  is  a  clamp  by  which  the  rods  are  held  in  the 
hole,  when  being  jointed  or  unjointed.  Fig.  117  is  the  clamp- 
hook  with  which  they  are  lifted.  Fig.  118  shows  the  joint  by 
which  the  rods  are  attached  one  to  the  other.  This  joint  saves 
the  time  required  for  screwing  and  unscrewing,  one  quarter-turn 
being  sufficient  to  make  a  fastening.     Fig.  119  is  a  core-lifter. 

Choice  of  Method. — In  deciding  upon  the  system  of  boring 
to  be  adopted,  the  purpose  of  the  hole  has  to  be  considered. 
For  exploration  purposes  it  is  very  important  to  get  good  cores. 
For  the  purpose  of  a  well,  whether  for  oil  or  water,  the  cores  do 
not  matter;  it  is  only  necessary  to  get  the  hole  down  quickly 
and  straight.  In  many  exploring  holes  cores  are  required  of  the 
whole  of  the  boring ;  and  in  many  others  only  of  a  few  places, 
the  position  of  which  is  known  approximately  beforehand. 

Cost  of  Boring. — With  regard  to  the  cost  of  boring,  this 
varies  so  greatly  with  the  nature  of  the  ground  and  the  wages  and 
skill  of  the  workmen,  that  it  is  difficult  to  say  beforehand.  There 
is  also  the  element  of  profit  and  loss  on  the  part  of  the  con- 
tractor. When  boring  by  hand,  with  a  spring-pole  or  a  balance- 
beam,  such  prices  as  the  following  are  sometimes  paid  in  ordinary 
coal  measures  :  For  a  hole  starting  at  3  inches  in  diameter,  the 
contractor  finding  his  own  boring-rods  and  tools,  but  not  the 
spring-pole  or  windlass  :  for  the  first  5  yards,  $s.  6d.  per  yard ; 
for  the  second  5  yards,  75.  6d.  per  yard ;  for  the  third  5  yards, 
gs.  6d.  per  yard  ;  and  so  on,  rising  2s.  per  yard  every.  5  yards. 

A  simple  rule  for  calculating  the  average  cost  per  yard  is, 
calling  D  the  depth  in  yards,  and  x  the  average  cost  per  yard — 

D  -5 

D  x  2  +  5  =  x 

2x5 

equals  cost  per  yard  in  shillings ;  and  the  total  cost  =  x  x  D. 

In  the  case,  therefore,  of  a  hole  105  yards  deep,  the  cost  is 
found  as  follows  : — 

-5_5  x  2  +  5  =  2S 

the  cost  per  yard  in  shillings,  and  the  total  cost  =  too  x  25 
If  the  hole  is  305  yards  in  depth — 

2£izii  x  2  +  5  =  65,. 

2x5 

total  cost,  305  x  65^.  =  ^976  5 j. 

It  thus  appears  that  a  hole  300  yards  deep  is  about  eight 
times  as  costly  as  one  100  yards  deep,  and  costs,  in  fact,  rather 
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more  than  £1  a  foot  In  various  districts  the  price  may  be 
a  little  more  or  a  little  less.  In  the  American  oil-wells,  the  holes 
are  put  down  very  cheaply  ;  but  then  very  few  samples  are  taken 
of  the  strata  bored  through,  and  the  cost  per  foot  is,  for  labour, 
only  from  2j.  a  foot  as  a  minimum  up  to  4^.  a  foot  as  a  common 
figure,  and  four  or  five  times  that  amount  in  some  cases.  The 
cost  per  foot  in  the  American  copper  and  ironstone  districts  is 
also  very  moderate.  With  a  diamond  drill  giving  a  core  i\  inch 
in  diameter,  and  for  distances  not  exceeding  300  or  400  feet,  it 
is  about  $s.  6d.  a  foot,  including  all  costs  except  steam-power. 
The  costs  of  some  bore-holes  on  the  Continent  are  given  by  Mr. 
J.  Clark  Jefferson,  in  a  valuable  paper  read  before  the  Midland 
Institute  of  Mining  Engineers,  in  1878. 

Table  VI.  shows  a  summary  of  the  cost  of  some  bore-holes  in 
Europe  and  America. 

It  is  probable  that  diamond  boring  can  now  be  done  at  a  much 
less  cost  than  in  many  of  the  earlier  cases,  great  experience  having 
been  attained  in  the  manipulation  of  the  tools,  and  in  the  im- 
provement of  the  hollow  rods,  core-tube,  etc. ;  and  holes  can 
probably  be  put  down  at  the  following  prices  :  surface  to  1000 
feet,  say  £1  per  foot;  1000  to  1500  feet,  jQi  10s.  per  foot;  1500 
to  2000  feet,  £2  10s.  per  foot ;  2000  to  2500  feet,  £5  per  foot. 
These  prices  would  include  the  extraction  of  cores. 
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CHAPTER   IV. 


winning;  or,  mode  of  approaching  the  mineral. 

After  exploring  any  estate,  and  having  decided  to  proceed  to 

get  the  minerals,  the  next  question  is  to  choose  the  best  method 

•ZTZtxtk  This»  perhaps,  will  be 

most  clearly  explained 
by  considering  a  few 
examples. 

Fig.  120  shows  a 
very  simple  case  of 
frequent  occurrence — 
several  seams  of  coal 
lying  in  horizontal 
beds,  and  cropping  out 
on  the   side  of  a  hill. 


Fig.  120. — Winning  level  seams  from  hillside. 


A  drift  or  heading  is  made  straight  into  the  coal,  and  con- 
tinued, as  required,  across  the  estate ;  the  mineral  from  the 
workings  is  lowered  down  to  the  railway  or  canal  at  the  bottom 
of  the  hill  by  means  of  self-acting  inclines. 

Fig.  121  shows  a  seam  of  coal  inclined,  cropping  out  near 
the  top  of  a  hillside.     A  heading  is  made  into  the  coal,  going 

downhill  in  the  seam.  This, 
however,  is  soon  stopped  by 
water,  and  a  level  drift  is  driven 
in  from  the  lower  part  of  the 
hillside,  just  above  the  river, 
across  the  measures,  until  it 
reaches  the  seam  of  coal;  all 
that  part  of  the  seam  which  lies 
above  this  level  drift  is  thus  drained  of  water.  A  level  drift  is 
sometimes •  called  an  "adit,"  or  "sough."  For  the  purpose  of 
ventilation  a  shaft  is  sunk  at  B,  and  subsequently  at  A.  The 
coal  is  drawn  to  the  surface,  up  an  incline,  by  an  engine  placed 
on  the  hillside. 

Fig.   122  represents  two  seams  of  coal  dipping  under  a  hill 


Fig.  121. — Winning  inclined  seam  by  adit. 
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at  a  moderate  inclination,  and  cropping  out,  one  in  the  valley, 
and  the  other  on  the  hillside.  Two  shallow  pits  have  been  sunk 
on  to  the  upper  seam,  a  pumping-engine  being  used  to  drain  the 
coal.  All  the  coal  above  the  level  where  these  shafts  cut  the 
seam  having   been   exhausted,  an  incline   drift   is   driven   from 


Fig.  123. — Winning  inclined  seams  by 
inclined  stone  drift  and  cross-cut. 


the  hillside  down  into  the  lower  seam,  which  is  found  to  be  dry, 
and  headings  in  the  coal  are  driven  to  the  dip,  to  the  boundary 
of  the  estate,  or  as  far  as  required.  A  cross-measure  drift  is 
driven  up  into  the  upper  seam,  and  headings  are  thence  driven 
in  the  coal.     The  mineral  is  lowered  down  this  cross-measure 


Fig.  123. — Section  of  coal-mines.     Winning  seams  of  moderate 
inclination  by  shafts. 

drift  by  a  self-acting  incline,  called  a  "jig,"  and  is  drawn  up 
an  engine-plane  in  the  lower  seam  and  stone  drift  to  the 
surface. 

Fig.  123  shows  four  seams  of  coal  lying  at  a  moderate  incli- 
nation, two  of  them  cropping  out  just  above  a  little  brook,  on 
ground  which  rises  to  a  height  ot  100  feet  above  the  brook.     Near 

a 
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the  outcrop  the  coals  have  been  partly  worked  by  shallow  pits ; 
on  the  "  dip  "  side  of  the  estate  three  shafts  have  been  sunk  to 
these  upper  seams. 

In  order  to  let  off  the  water,  of  which  there  is  a  large  supply, 
a  water-level  is  driven  from  the  valley,  at  an  inclination  of  about 
i  in  600,  to  the  pits,  and  all  the  water  made  above  this  level  is 
thus  drained. 

In  order  to  reach  the  lower  seams,  it  is  not  necessary  to  deepen 
the  pumping-pit,  as  much  water  is  not  expected  below  the  second 
seam.  The  water  from  the  bottom  of  this  pit  is  pumped  up  to 
^he  water-level.  The  w  inding-pit  and  the  upcast,  or  fan-pit,  are 
sunk  down,  to  the  third  seam,  and,  at  a  later  date,  they  will  be 
continued  down  to  work  the  fourth  and  other  seams  still  deeper. 

Fig.  ]j24  shows  five  seams  of  coal  at  a  steep  inclination,, 
perhaps  120  to  500  from  the  horizontal.  Two  shafts  are  sunk: 
vertically  to  such  a  depth  as  is  convenient  and  attainable  at  a. 
reasonable  expense — say  from  100  to  500  yards,  as  the  case- 
„„„,,„,  may  be.     From  near  the  bottom  off 

these  shafts  a  stone  head  or  cross- 
cut is  driven  level  in  both  direc- 
tions, cutting  across  all  the  five 
seams.  Headings  are  then  driven 
on  the  level  in  three  of  these  seams, 
which  happen  to  produce  the  most 
marketable  coal,  and  from  these 
coal-levels  workings  are  driven  to  the 
rise  and,  in  some  cases,  to  the  dip. 
With  the  exception  of  the  cases 
of  "  open  holes  "  and  "  bell  pits," 
referred  to  in  another  chapter,  all  stratified  seams  can  be  won  by 
one  of  the  above  five  methods. 

Fig.  125  refers  to  a  metalliferous  vein,  which  traverses  the 
ground,  dipping  at  an  inclination  of  say  70°  from  the  horizontal. 
It  crops  out  at  the  surface,  and  a  pit,  or  shaft,  is  excavated  in  the 
vein,  and  is  carried  down  deeper  and  deeper  as  long  as  the 
working  of  the  vein  is  profitable,  levels  being  started  out  of 
the  shaft  about  every  20  yards  and  driven  in  the  vein;  an  adit 
is  driven  from  the  valley  to  cut  the  vein,  and  so  let  off  the 
water.  In  some  countries  adits  are  of  great  length — upwards  of 
12  miles.  In  the  case  of  extensive  mines,  a  vertical  shaft  is 
sometimes  sunk,  up  which  the  minerals  can  be  raised  more  quickly 
and  cheaply  than  up  an  inclined  shaft.  It  is  also  convenient  for 
raising  and  lowering  the  miners. 

Where  the  mineral  does  not  lie  in  a  vein,  as  shown  in  the  last 
figure,  but  in  great  masses   or  lumps,  it  is  reached  by  verticaL 


Fig.  124. — Winning  seams  of  steep  in- 
clination by  shafts  and  cross-cut. 
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shafts,  or  inclined  shafts,  levels,  or  open  quarryings,  according  to 
the  circumstances  of  the  case. 

The  unwatering  of  a  mineral  field  is  frequently  the  most 
expensive  preliminary  to  working  the  minerals;  and,  as  above 
mentioned,  water-levels  have  been  driven  upwards  of  12  miles  in 
length  in  some  parts  of  Europe.1     On  the  occasion  of  a  recent 


Fig.  125. — Winning  metalliferous  veins  by  inclined  shafts,  vertical 
shaft,  and  water-level. 

visit  to  the  Forest  of  Dean,  the  writer  was  struck  by  the  great 
economy  that  might  be  effected  in  the  working  of  the  coal  and 
iron  mines  in  that  district,  by  driving  a  level  2^  miles  in  length 
from  the  estuary  of  the  Severn  to  the  coal-field  ;  this  level  might 
afterwards  be  continued  across  the  coal-field  for  a  total  distance 


giag 
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mtim       SimZaf      4  •**&"     3milee 
Fig.  125a. — Forest  of  Dean  coal  and  ironstone  field,  with  proposed 
water-level. 


of  6  miles.  By  this  means  the  height  to  which  the  water  would 
have  to  be  pumped  would  be  reduced  at  the  largest  pumping- 
station  by  360  feet,  and  in  the  other  pumping-stations  by  heights 
varying  from  200  up  to  500  feet.  Not  only  might  this  economy 
be  effected,  but  if  the  rights  of  the  mill-owners  on  the  rivers  were 

1  Schemnitz,  Mansfield,  Clausthal. 
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bought  up,  water  might  be  taken  down  the  shafts  to  work 
hydraulic  machinery,  as  the  new  tunnel  would  form  an  efficient 
tail-race.  The  mines  in  this  district  are  let  by  the  Crown,  which 
would,  therefore,  at  first  sight  appear  to  be  the  most  suitable 
authority  for  undertaking  this  important  work.  A  section  illus- 
trating this  suggestion  is  given  in  Fig.  i2$a. 
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CHAPTER  V. 

SINKING    AND     SINKING    MACHINES,    TUBBING,    WALLING,     QUICK- 
SAND,   PNEUMATIC,    FREEZING,    KIND-CHAUDRON,    ETC. 

Site  of  Colliery. — In  choosing  the  site  of  a  colliery  there  are 
two  sets  of  considerations — those  referring  to  the  surface  and 
those  referring  to  the  minerals.  Taking  the  surface  first,  the  pit 
would  be  conveniently  placed  near  a  railway,  or  canal,  or  high- 
road, by  which  means  of  conveyance  the  produce  could  be 
despatched,  and  machinery  and  materials  brought  to  the  mine ; 
on  the  other  hand,  a  colliery  might  be  most  conveniently  situated 
on  that  side  of  the  estate  where  the  minerals  are  deepest,  because 
with  a  pit  sunk  at  that  point  the  pumping-engine  in  that  pit  would 
drain  the  whole  estate  of  water,  and  it  would  be  unnecessary  to 
employ  hauling-engines  to  drag  the  coal  to  the  pit-bottom,  as  the 
coal  could  be  brought  to  the  shaft  either  by  gravitation  or  by 
horses.  It  might,  however,  happen  that  the  place  suggested  by 
mineral  considerations  might  be  on  the  top  of  a  high  mountain, 
or  separated  from  the  railway  by  a  broad  river,  or  by  some  strip 
of  land  over  which  there  was  no  right  of  way,  or  some  other 
impediment  might  exist  which  would  overrule  the  mining  con- 
siderations. Supposing,  as  far  as  the  surface  is  concerned,  it  is 
a  matter  of  comparative  indifference  where  the  shafts  are  sunk, 
then,  in  the  case  of  a  large  estate,  it  is  generally  best  to  sink  the 
pits  as  near  the  centre  as  possible ;  as  there  will  be  sufficient  coal 
to  the  rise  to  last  for  twenty  or  thirty  years.  The  pits  will  not  be 
so  deep  as  if  they  had  been  sunk  at  the  extreme  dip  of  the  estate, 
and  the  length  of  haulage — that  is  to  say,  the  distance  that  each 
ton  of  coal  will  have  to  travel  underground  from  the  working 
place  to  the  shaft — will  be  on  the  average  little  more  than  half 
what  it  would  be  if  the  shafts  were  sunk  at  one  side  of  the  estate ; 
and  when  it  becomes  necessary  to  get  the  coal  from  the  dip  side 
of  the  estate,  it  can  be  drawn  by  hauling-engines  to  the  pit-bottom. 
In  most  deep  collieries  the  amount  of  water  finding  its  way  into 
the  dips  is  not  a  very  serious  consideration.  For  a  large  colliery 
it  is  necessary  to  have  a  railway,  and  it  is  an  advantage  to  have 
also  a  canal  and  a  good  road.     Pits  are  sometimes  most  advan- 
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tageously  situated  on  the  side  of  a  harbour  or  deep  water  inlet 
of  the  sea,  so  that  the  coal  can  be  tipped  directly  into  ships. 

Sinking. — The  site  of  a  colliery  having  been  chosen,  the 
position  of  each  pit  is  marked  out.  There  must  always  be  two 
shafts,  and  there  are  often  three — one  for  pumping  the  water, 
one  for  a  downcast  shaft  for  the  air,  and  the  third  for  an  upcast 
shaft  for  the  air.  In  deep  collieries  the  pumping-engine  shaft 
seldom  goes  to  the  bottom,  as  the  lower  strata  are  dry;  it  is 
necessary  that  between  two  of  the  shafts,  at  each  of  which  there 
must  be  a  winding-machine,  there  should  be  a  thickness  of  not 
less  than  15  yards  of  strata ;  this  is  fixed  by  the  Mines  Regulation 
Act,  1887,  sect.  16,  sub-sect.  B. 

Unsoiling. — The  first  operation  of  sinking  is  to  lake  off  the 
soil  for  a  depth  of  say  r  foot  over  the  area  likely  to  be  occupied 
by  the  works  and  spoil-heaps,  removing  it  to  some  place  where 
it  will  be  out  of  the  way  ;  this  is  a  good  practice,  but  not  always 
observed  nowadays,  owing  to  the  expense.  The  reason  for  it  is 
that,  after  the  mine  is  abandoned,  the  soil  can  be  again  spread 
over  the  ground,  which  will  thus  be  restored  to  agricultural  con- 
dition. In  the  case  of  collieries,  however,  likely  to  last  a  great 
many  years,  it  probably  does  not  pay  to  incur  the  expense  of 
removing  the  soil  for  this  purpose. 

Excavation,  and  Shape.— The  second  operation  is  to  begin 
digging  the  pit,  or  shaft,  with  picks  and  shovels.  In  England  the 
pit  is  usually  circular ;  in  South  Wales  some  pits  have  been  sunk 
of  an  oval  shape;  and  in  Scotland  there  are  many  rectangular 
pits.  On  the  Continent  pits  vary  in  shape,  and  in  the  United 
States  the  pits  are  generally  rectangular.  The  size  of  colliery 
shafts  in  England  nowadays  varies  from  about  6  feet  up  to  about 
18  feet,  and  the  usual  size  for  first-class  collieries,  that  is,  collieries 
raising  1000  tons  a  day  and  upwards,  is  from  14  to  18  feet  in 
diameter.  By  means  of  the  pick  and  shovel  alone,  the  depth  of 
the  pit  will  not  be  taken  more  than  3  or  4  yards,  the  dirt  being 
thrown  up  on  to  intermediate  platforms ;  it  is  then  necessary  to 
employ  windlasses  to  raise  the  material  in  buckets,  by  which 
means  the  pits  can  be  carried  down  to  a  depth  of  20  yards. 
Twenty-five  years  ago  and  more  it  was  usual  to  get  a  horse-gin, 
with  which  the  depth  of  the  pit  could  be  increased  to  40  or  50 
yards,  and  after  that  a  steam-engine  was  employed ;  nowadays  a 
horse-gin  is  seldom  used  for  colliery  work,  and  a  steam-engine  is 
erected  at  once.  As  soon  as  the  solid  strata  are  reached,  the 
pick  by  itself  will  make  but  slow  progress,  and  it  is  necessary  to 
employ  gunpowder  or  other  explosive. 

Blasting. — For  blasting,  a  drill,  perhaps,  is  used  6  to  10  feet 
long,  made  of  iron  or  steel ;  if  the  former,  with  a  steel  end.     The 
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Fig.  126. — Sinking  pit  bottom,  showing  methods 
of  drilling  and  tools  used. 


bit  will  be  3  inches  wide  to  drill  a  hole  3  inches  in  diameter  if 
gunpowder  is  to  be  used.  If  dynamite  is  used,  a  bit  1 J  inch  wide 
will  be  sufficient,  although  2-inch  holes  are  sometimes  used  for 
dynamite.  One  or  two  men 
will  take  hold  of  the  drill  (see 
Fig.  126),  lifting  it  up  and 
down  and  striking  blows  at 
the  bottom,  turning  the  drill 
between  each  stroke,  pouring 
water  down  the  hole  to  assist 
the  action  of  the  chisel,  and 
cleaning  the  hole  of  sludge 
with  a  scraper.  For  hard 
ground  a  shorter  drill  is  used, 
which  is  struck  by  a  hammer, 
one  man  holding  the  drill  and 
turning  it  whilst  the  other 
strikes,  and  sometimes  two 
men  strike.  "Sumpers"  are 
generally  drilled  at  an  inclination  of  from  150  to  350  from  the 
vertical,  and  side  shots  perpendicular  •  single  shots  are  seldom 
drilled  much  deeper  than  3  feet  in  hard  ground,  though  in  soft 
ground  they  may  reach  4  or  5  feet.  The  miner  sets  a  shot 
say  in  the  centre  of  the  pit,  and  the  blast  breaks  up  the  rock 
around  the  hole,  which,  when  cleared  away,  forms  an  excavation. 
Shots  are  now  set  round  this  first  excavation  to  break  off  the 
sides  until  the  whole  width  of  the  pit  is  extracted.  Great 
judgment  must  be  displayed  in  selecting  the  place  for  the  holes, 
and  the  direction  and  depth  of  the  boring.  Frequently  three 
or  four  shots  are  drilled  and  charged  together,  the  fuse  of  each 
being  lighted  at  the  same  time,  but  they  are  so  arranged  as  not 
to  go  off  simultaneously,  owing  to  the  difference  in  length  of 
the  fuse  from  each  hole ;  so  that  the  separate  detonations  of  the 
shots  can  be  counted,  and  the  miners  know  if  any  have  missed 
fire.  Sometimes  a  number  of  shots  are  exploded  simultaneously 
by  means  of  electrical  blasting.  Fig.  127  shows  the  plan  and 
section  of  a  pit.  Six  holes  are  shown  in  and  near  the  centre ; 
these  are  the  "  sumping "  shots,  and  are  drilled  to  a  depth  of 
6  feet ;  they  are  each  charged  with  2  lbs.  of  dynamite,  and  their 
simultaneous  discharge  blows  up  the  whole  centre  of  the  pit,  as 
indicated  in  the  section.  When)  the  dirt  from  this  discharge 
has  been  cleared  away,  ten  more  holes  are  drilled  round  the 
sides,  as  shown  in  the  plan;  and  they  are  each  charged  with 
2  lbs.  of  dynamite  and  discharged  simultaneously,  "breaking  off  the 
sides,  and  filling,  up  the  pit  with  debris,  as  indicated  m  the  sketch. 
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The  ordinary  method  of  charging  a  blast-hole  is  shown  in 
Fig.  128.  If  gunpowder  is  used,  the  hole  must  either  be  made 
dry  by  putting  in  dust,  which,  when  cleaned  out,  takes  away  the 
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Fig.  127. — Simultaneous  blasting  by  electricity.     Sump  shots,  6  feet 
deep ;  side  shots,  5  feet  deep  ;  2  lbs.  dynamite  each  shot. 

water,  or  else  the  powder  must  be  in  a  waterproof  cartridge-case 
— such  a  case  is  sometimes-  made  of  paper  and  sometimes  of 
calico.  The  end  of  the  fuse  is  put  in  the  middle  of  the  powder, 
and  then  the  neck  of  the  bag  or  case  is  tied 
fast  round  the  fuse.  Melted  pitch  may  then 
be  placed  all  over  the  bag  and  over  the  junc- 
tion with  the  fuse;  when  this  is  dry  it  makes 
a  good  water-proof  cartridge.  The  cartridge 
with  the  requisite  length  of  fuse  attached,  say 
4  or  5  feet,  is  lowered  to  the  bottom  of  the 
hole,  against  which  it  is  pressed  with  a  scraper. 
Pounded  shale  or  clay,  dry  and  not  gritty,  is 
then  pushed  into  the  hole,  and  gently  pressed, 
and  very  gently  rammed  upon  the  cartridge; 
more  stuff  is  pushed  in  and  rammed  rather 
harder ;  small  bits  are  put  in  and  rammed. 
When  about  8  inches  of  ramming  is  put  in, 
the  ramming  is  still  harder.  The  rammer  is 
generally  made  of  iron,  with  a  copper  or  brass  end,  or  else  it  is 
entirely  of  brass.  The  hole  is  tightly  rammed  up  to  the  top. 
When  all  the  holes  it  is  intended  to  fire,  say  three,  four,  or  five,  are 
rammed,  the  fuse  is  bent  across  a  candle,  which  is  not  lighted. 
The  tools  are  all  sent  out  of  the  pit,  and  all  the  workmen  go 
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128.  —  Shot-hole. 
1,  clay  cover  to  pro- 
tect flame ;  2,  candle, 
in  clay,  firing  fuse ; 
3,  fuse  ;  4,  powder 
in  tarred  bag ;  5, 
tamping. 
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out  but  one  or  two.  A  signal  is  given  to  the  engine-man  when 
a  blast  is  about  to  be  lighted ;  the  short  pieces  of  candle  under 
each  fuse  are  then  lighted;  the  man  jumps  into  the  hoppet  and 
signals  the  engine-man,  and  is  immediately  drawn  up.  The 
candle  burns  through  the  exterior  covering  of  the  fuse  until  it 
lights  the  powder  in  the  fuse.  As  soon  as  this  is  lighted  a  fizzing 
is  heard,  and  the  fuse  is  said  to  have  "struck."  The  miner  is 
landed  at  the  top,  and  the  bridge  drawn  over,  and  the  number  of 
explosions  counted,  so  that  the  sinkers  may  know  that  every  shot 
has  exploded  before  they  descend.  If  the  rock  is  hard,  fragments 
may  be  thrown  to  a  great  height.  If  dynamite  is  used,  a  water- 
proof cartridge-case  is  not  necessary,  as  a  short  immersion  in 
water  will  not  injure  the  dynamite ;  it  is  also  not  absolutely 
necessary  to  put  in  any  ramming,  or  "tamping,"  as  this  ramming 
is  called,  because,  owing  to  the  great  velocity  of  the  explosion, 
water  in  the  hole  constitutes  sufficient  tamping ;  but,  as  a  rule, 
tamping  is  employed,  better  results  being  obtained,  although  it 
is  not  necessary  to  ram  so  hard.  The  same  kind  of  fuse  is  employed 
as  for  gunpowder.  The  dynamite  does  not  explode  with  a  simple 
flame  or  spark ;  it  is  necessary  to  employ  an  explosive  cap  to 
light  the  dynamite.  This  is  a  copper  cap  with  fulminate  of 
mercury ;  the  fuse  is  slipped  into  the  cap,  which  is  squeezed  tight 
with  a  pair  of  nippers,  and  some  grease  is  put  over  the  end  of  the 
cap  to  prevent  water  getting  in,  which  would  destroy  it ;  the  cap 
is  pushed  into  the  middle  of  a  piece  of  dynamite.  Dynamite  is 
about  three  times  as  powerful  as  gunpowder,  so  that  2  lbs.  of 
dynamite  will  do  about  as  much  work  as  6  lbs.  of  powder. 

Electric  Blasting. — A  method  of  electric  blasting  will  be 
understood  on  reference  to  Fig.  129.  The  electric  fuse  A  con- 
sists of  two  insulated  copper  wires,  the  bare  ends  of  which  are 
brought  close  together,  and  between  them  is  placed  an  explosive 
composition  called  the  priming,  that  is  fired  by  the  passage  of 
the  electric  current ;  this  composition  ignites  the  small  capsule 
of  gunpowder,  the  flame  from  which  ignites  the  main  charge.  If 
dynamite  is  used  instead  of  gunpowder,  the  exploder  is  a  copper 
cap,  B  (Fig.  129),  containing  an  electric  fuse  similar  to  the  above, 
but  instead  of  gunpowder  in  the  cap  there  is  a  charge  of  fulminate 
of  mercury,  the  explosion  of  which  makes  the  required  flame  and 
detonation  combined,  which  causes  the  explosion  of  the  dynamite. 
The  copper  wires  (insulated)  of  the  fuse  are  generally  4  or  5  feet 
long,  or  more  for  a  deep  blast-hole.  If  only  one  shot  is  discharged, 
each  of  the  fuse  wires  is  attached  to  a  conductor  coming  from 
the  battery.  (This  is  on  the  pit-bank,  and  the  conductors  are 
taken  down  the  shaft-side  in  waterproof  covering.)  If  several 
shots  are  to  be  discharged  at  once,  the  right-hand  wire  of  one  fuse 
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is  connected  to  the  left-hand  wire  of  the  next  fuse  (see  Fig.  129). 
The  left-hand  wire  of  the  last  fuse  in  one  direction  is  connected 
to  one  conducting  cable  from  the   battery,  and  the  right-hand 


Fig.  129. 


-High-tension  blasting.     A,  section  of  detonating-cap  for  dynamite, 
half  real  size. 


wire  from  the  last  fuse  in  the  other  direction  is  connected  with 
the  other  conducting  cable.  This  is  called  connecting  "  in  series;" 
the  electric  current  has  to  pass  through  all  the  fuses  in  one  circuit. 
The  conducting  cable  is  generally  a  strand  of  twisted  copper  wire 

covered  with  some 
insulating  material, 
which  is  protected  with 
plaited  hemp  or  with 
tape,  often  with  both. 
Another  mode  of  dis- 
charging (see  Fig.  130) 
is  to  connect  the 
right-hand  wire  of  each 


Fig.  130. — Showing  fuses  in  parallel. 


fuse  directly  with  the  right-hand  cable  by  means  of  a  short 
connecting  piece  of  wire,  and  to  connect  the  left-hand  wire 
of  each  fuse  with  the  left-hand  conducting  cable.  The  current 
in  this  latter  case,  instead  of  passing  in  circuit  through  the  fuses, 
is   divided   amongst  them  all.      This  is  called  connecting  "in 
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parallel."  A  magnetic  exploder  is  often  used  for  high-tension 
fuses— the  kind  hitherto  most  generally  adopted.  In  this  machine, 
by  turning  a  handle,  and  by  means  of  multiplying  gear,  an  armature 
is  made  to  turn  rapidly  between  the  two  poles  of  a  magnet,  thus 
producing  an  electric  current  which  passes  in  circuit  through  the 
wires ;  by  pressing  a  button  this  circuit  is  broken,  and  another 
circuit,  through  the  conducting  wires  and  fuses,  is  completed ; 
this  heats  the  priming,  and  so  causes  an  explosion.1 

With  a  properly  arranged  and  sufficiently  powerful  magnetic 
battery,  as  many  as  a  dozen  shots  may  be  discharged  at  once. 
With  small  batteries,  such  as  are  usually  supplied,  five  or  six  shots 
only  can  be  discharged  with  certainty. 

Lately,  low-tension  fuses  have  been  adopted,  and  are  recom- 
mended by  high  authorities  (see  Fie;.  131).  The  external  appear- 
ance of  the  fuse  is  much  the  same.    The  electric  current  is  produced 


Fig.  131. — Low-tension  incandescent  detonator  in  cartridge,  i,  fulminate  ;  2, 
platinum  bridge  in  priming  composition  ;  3,  plug ;  4,  wires  connected  by 
bridge ;  5,  dynamite. 

by  chemical  action,  the  electric  generator  being  a  galvanic  battery. 
A  small  one  suitable  for  shot-firing  in  coal  weighs  about  2%  lbs. 
including  a  strong  wooden  case. 

Messrs.  Bickford,  Smith,  and  Co.  make  a  kind  of  fuse  for 
simultaneous  blasting ;  for  this  purpose  a  slow-combustion  fuse, 
burning  at  the  rate  of  say  3  feet  a  minute,  is  connected  to  a  tin 
tube  in  which  is  a  small  explosive  charge.  Into  this  tube  are 
fixed  the  fuses  connected  with  each  shot ;  these  fuses  are  made 
to  burn  at  a  very  high  speed ;  the  explosive  charge  in  the  tube 
ignites  all  these  high-speed  fuses  at  the  same  instant,  and  as  owing 
to  the  high  speed  of  combustion  in  the  shot  fuses  a  short  differ- 
ence in  length  has  no  appreciable  effect  on  the  time,  there  is 
practically  an  immediate  and  simultaneous  discharge. 

Shaft-Lining. — The  shaft  having  been  sunk  a  few  yards  in 
depth,  it  becomes  necessary  to  protect  the  sinkers  against  injury 
from  stones  falling  down  the  sides.  By  careful  inspection  and 
picking  off  loose  stones,  the  pit  may  be  carried  to  a  depth  of  say 
8  yards.    It  is  now  lined  with  a  wall  of  brick  or  stone ;  a  bricking 

1  Friction  machines  are  also  used  for  charging  Leyden  jars.  The  high 
tension  of  this  current  enables  it  to  be  passed  great  distances  through  thin 
wires. 
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OAK  CUBB  s"x4" 

Fig.  132. — Oak  curb. 


crib  or  curb  of  oak  (Fig.  132)  is  laid  at  the  bottom,  and  bolted 
together,  the  ground  having  been  first  cut  perfectly  smooth  and 
level  all  round,  leaving  a  deep  hole,  or  sump,  in  the  middle.     This 
curb   having   been   laid,    the    masons 
begin  building  on  it.     The  walling  is 
generally  9  inches  thick,  but  the  top- 
most  length   next   to   the    surface   is 
frequently  18  inches  or  2  feet  in  thick- 
ness.    By  means  of  a  plumb-rule  the 
masons  build  the  wall  perfectly  straight, 
any   cavities    behind   the    wall    being 
filled  up  with  small  rubbish;    in  soft 
_  ground    near   the  surface   the  wall  is 
sometimes  backed  with  concrete.     In 
proceeding    to    sink    below  this    first 
length,  the  ground  directly  under  the 
curb    is   not   cut  away  for  a  depth  of  between    2    and  3   feet 
below  (Fig.   126),  but  after  that  the  shaft  is   belled   out  to  its 
original   diameter,  and    the   sinking   continues   for  say   another 
length  of  8  yards.     In  order  that  the  sinking  may  be  plumb, 
plumb-lines  are  hung  from  the  first  curb  with  a  weight  at  the 
end;    these   lines,  suspended   at   intervals   of  about   6  feet  all 
around  the  shaft,  form  a  good  guide  for  the  sinker,  and  also  for 
fixing  the  next  brick  curb.     As  an  additional  security  that  the 
second  curb  is  fixed  exactly  under  the  first,  a  centre-line  is  hung 
down  the  shaft ;  this  centre-line  is  hung 
from   a  strong  piece   of  timber  fixed 
securely  across  the  centre  of  the  shaft, 
either  permanently  or,  if  that  is  incon- 
venient, temporarily  in  permanent  slots 
provided  for  it.     A  heavy  plumb-bob  at 
the  end  of  the  centre-line  holds  the  line 
in  the  centre  of  the  pit ;  by  means  of  a 
rod  the  distance  of  the  curb  from  this 
line   can   be  measured.      The  masons 
build  up  the  wall  on  the  curb,  as  be- 
fore ;  when  the  wall  is  built  up  to  within 
3  feet  of  the  wall  above,  some  of  the 
shale  underneath  the  curb  is  cut  out  for 
a  width  of  4J  inches  all  round,  leaving  4^  inches  of  solid  ground 
to  support  the  curb  above.     Brickwork  4^  inches  thick  is  now 
built  up  to  the  curb  above  (see  Fig.  133).    In  some  large  shafts  the 
brickwork  is  thicker  than  9  inches,  being  14  or  18  inches  thick  (see 
Fig.  134).     When  the  masons  are  building  the  wall  up,  and  it  has 
risen  to  a  height  of  4  feet,  it  is  necessary  that  they  should  stand 
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Fig.  133.- 
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-Section  oF  shaft,  showing 
brick  walling. 
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on  a  platform ;  this  platform  is  sometimes  made  by  fixing  cross- 
bearers  in  holes  in  the  brickwork,  upon  which  are  laid  planks,  the 
masons  thus  building  up  their 
own  scaffolding  as  they  proceed. 
Scaffold. — A  more  expedi- 
tious and  convenient  plan,  how- 
ever, is  to  suspend  a  circular 
platform  in  the  pit  by  means  of 
a  strong  rope  from  the  capstan 
at  the  surface.  On  this  plat- 
form the  masons  stand,  and 
upon  it  are  laid  the  bricks  and 
mortar.  As  the  wall  rises  the 
platform  is  also  raised  (Figs.  171 
and  134).  In  order  to  steady 
the  platform,  wedges  are  driven 
in  at  each  side ;  sometimes  bolts 
fastened  through  staples  in  the 
platform  are  knocked  into  holes 
in  the  wall,  and  this  prevents 
the  platform  upsetting  in  case 
of  uneven  loading.  The  plat- 
form is  frequently  made  with 
hinges  in  the  middle,  so  that  it 


Fig.  134. — Operation  of  walling  and 
suspended  scaffold. 


can  be  folded  up  into  a  half-" moon"  and  withdrawn   from  the 
shaft  or  suspended  from  a  hook  in  one  side  when  it  is  not  in  use. 

Capstans.  —  Fig.  135 
shows  a  drawing  of  a  capstan 
of  the  old-fashioned  kind, 
with  a  vertical  drum  and  six 
long  wooden  arms.  This 
drum  is  usually  worked  by 
men,  as  many  as  twenty  men 
could  push  at  these  arms  at 
once;  sometimes  horses  are 
used  as  well  as  men.  Fig. 
136  shows  a  crab  capstan ; 
in  this  case  the  drum  is  hori- 
zontal, and  spur  gearing  is 
used  to  give  the  men  at  the 
handles  a  leverage.  Instead 
of  men,  steam-engines  are 
generally  used,  as  shown  in  Fig.  136,  in  which  a  couple  of  small 
steam  cylinders,  operating  through  three  sets  of  spur-wheels,  give 
movement  to  the  drum.    The  chief  dimensions  of  such  a  machine 
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SHEAR  LEC5  CAPSTAN 

Fig.  135.— Old-fashioned  capstan  and  shear  legs. 
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are  as  follows  :  pair  of  steam  cylinders,  10  inches  in  diameter,  18 
inches  stroke ;  horizontal  rope-drum,  4  feet  in  diameter  and  5  feet 
wide;  pinion  on  fly-wheel  shaft,  15  inches  in  diameter,  gearing 

into  wheel  on  intermediate  shaft 
6  feet  3  inches  in  diameter; 
pinion  on  intermediate  shaft,  15 
inches  in  diameter,  gearing  into 
wheel  on  drum-shaft  6  feet  3 
inches  in  diameter ;  steel  rope  on 
fig.  i36.-steam  capstan.  drum    of   patent    crucible    steel, 

5^-  inches  in  circumference,  gal- 
vanized, to  lift  say  ro  tons.  Such  a  capstan  is  stronger  than 
required  for  a  bricking  platform ;  it  is  suitable  for  pumps  and 
heavy  machinery. 

This  steam  capstan  is  much  superior  to  either  of  the  other  two ; 
it  is  much  quicker  than  any  hand-crab,  and  much  safer  than  the 
old-fashioned  capstan,  and  in  modern  works  is  nearly  always 
erected  in  preference  to  the  old  class  of  machinery.  The  capstan 
ropes  were  formerly  made  of  hemp  about  from  3  to  4  inches  in 
diameter ;  they  are  now  generally  made  of  steel  and  galvanized  to 
prevent  them  from  rusting.  The  capstan  rope,  as  shown  in  Fig. 
135,  goes  underneath  a  pulley  in  the  frame,  which  is  fixed  at  about 
the  level  of  the  drum,  and  then  goes  straight  up  and  over  a  pulley 
at  the  top  of  the  frame,  whence  it  descends  into  the  pit.  There 
should  be  a  strong  beam  between  the  capstan  and  the  pulley- 
frame,  otherwise,  when  there  is  a  heavy  load  in  the  shaft,  there 
would  be  a  tendency  to  pull  the  leg  of  the  frame  carrying  the 
lower  pulley  towards  the  capstan,  and  this  might  lead  to  a  serious 
catastrophe. 

Pit -Top,  and  Winding -Engine. — Fig.  137  shows  the 
general  arrangement  at  the  pit-top :  finding-engine  house  and 
pulley-frame,  pumping-engine  house  ar/d  pump,  beams  and  mov- 
able bridge  over  the  pit-top,  etc.  Fig.  138  shows  a  different 
arrangement.  Fig.  139  shows  a  suitable  pair  of  engines  for 
winding  the  dirt  out  of  the  sinking  pit.  The  larger  the  engines 
are  the  better,  but  small  engines  are  generally  employed,  in  order 
to  avoid  the  delay  consequent  on  the -erection  of  large  engines. 
A  pair  of  engines  with  cylinders  18  inches  in  diameter,  with  a 
stroke  of  3  feet  and  a  drum  6  feet  in  diameter,  is  a  suitable  size 
for  sinking  a  pit  for  depths  not  exceeding  500  yards.  A  single 
rope  only  is  used.  At  the  end  of  this  rope  is  a  piece  of  heavy 
chain  called  a  bull-chain,  3  or  4  yards  in  length,  and  at  the  end 
of  that  is  attached  the  sinking-tub  or  hoppet.  The  heavy  chain 
is  required  because,  when  the  hoppet  is  detached,  the  weight  of 
the  rope  on  the  other  side  of  the  pulley  would  overbalance  the 
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short  length  at  the  pit-side  and  draw  the  end  back  over  the  pulley ; 
this  is  prevented  by  the  weight  of  the  bull-chain.  Formerly  a  flat 
rope  was  used  for  sinking,  because  round  ropes  were  so  liable  to 


Fig.  137.— Sinking  pit-bank,  showing  pumping  and  winding  arrangements. 

twist  round  with  the  hoppet,  and  would  spin  round  in  the  shaft 
like  a  teetotum ;  latterly  round  ropes  have  been  manufactured 
-which  do  not  twist,  and  as  round  ropes  are  cheaper  and  lighter  than 
flat  ropes,  they  are  therefore  preferred.1 


Fig.  138.— Pit-bank  buildings  for  pumping  and  winding  engines 
and  pit  frame. 

Hoppets. — The  hoppets  used  are  as  follows  :  Fig.  140  is  a 
good  old-fashioned  kind,  and  it  is  shown  to  be  wider  in  the  middle 
than  at  the  top  and  bottom,  like  a  barrel,  and  is  attached  by  three 
■*  "  Locked- coil"  rope,  and  others. 
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chains  to  a  ring  at  the  end  of  the  bull-chain ;  when  the  hoppet 
has  to  be  detached,  the  three  chains  are  each  unhooked  from  the 
lugs  on  the  hoppet.     This  barrel-shaped  hoppet  has  the  following 

advantages  :   When  it 
PLAN  is  loaded  with  stone, 

the  stone  does  not 
easily  tumble  out, 
being  jammed  in, 
owing  to  the  upper 
parts  being  of  less  dia- 
meter than  the  middle. 
If  when  being  wound 
up  it  should  come  in 
contact  with  the  sides, 
it  is  the  widest  part 
that  is  most  likely  to 
touch,  and  there  is 
nothing  there  to  catch. 
Fig.  141  shows  a  hoppet  with  straight  sides ;  this  is  also  larger  and 
holds  a  greater  weight,  and  is  more  easily  emptied  by  the  banksmen 
at  the  surface.  Fig.  142  shows  a  water-barrel;  this  is  suspended  from 
a  snap-hook  (Fig.  143)  at  the  end  of  the  bull-chain  ;  the  hook  is 
fixed  in  a  ring  attached  with  a  swivel-joint  to  a  strong  iron  bow, 
which  is  fastened  by  two  trunnions  to  the  water-barrel  just  below 
the  middle  of  its  height,  so  that  the  barrel,  when  filled  with  water, 
can  be  very  easily  upset.     To  prevent  it  tipping  up  there  is  an 
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Fig.  139. — Pair  of  small  sinking-engines. 


Figs.  140,  141. — Sinking-tubs. 


Fig.  142. — Water-barrel. 


Fig.  143.— Hook  for 
water-barrel. 


upright  pin  on  one  side  of  the  top  edge,  a  collar  sliding  on  the 
bow  fits  also  over  this  pin ;  when  the  barrel  is  drawn  to  the 
surface,  the  banksman  lifts  the  collar  and  thus  tips  the  barrel. 
When  dirt  is  being  sent  out  of  the  pit,  the  hoppet  is  lowered  down 
to  the  bottom,  the  chains  are  unhooked  and  sent  up  to  the  top, 
and  a  second  hoppet  sent  down.  As  soon  as  the  first  hoppet  is 
filled,  it  is  sent  up,  and  the  sinkers  proceed  to  fill  the  second 
hoppet;  as  it  may  take  some  time  to  empty  the  hoppet  on  the 
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bank,  especially  if  the  dirt  has  to  be  taken  some  distance  away 
from  the  pit-top,  five  or  six  hoppets  may  be  necessary  for  each 
winding-engine. 

Water  Garlands.— In  sinking  a  pit  through  ordinary  ground 
water  is  met  with,  and  the  amount  of  this  water  soon  becomes 
sufficient  to  cause  a  good  deal  of  trouble  ;  in  order  to  prevent  it 
splashing  about  unnecessarily  and  hindering  the  men.  it  is  collected. 
For  this  purpose  garlands  are  fastened  on 
to  the  bricking-curbs  (see  Fig.  144).  These 
are  generally  made  of  sheet  iron  about  12 
inches  wide,  nailed  all  round  the  shaft,  so 
as  to  make  a  ring  standing  2  or  3  inches 
out  from  the  brickwork ;  all  the  water 
trickling  out  of  the  brickwork  must  run 
into  this  ring  ;  at  one  place  a  hole  is  made 
in  the  ring  out  of  which  the  water  can  run 
into  a  pipe,  say  2  or  3  inches  square  inside, 
sufficient  to  carry  the  water.  At  the  curb 
below  is  another  garland.  The  pipe  de- 
livers its  water  into  this  second  garland, 
which  also  collects  fresh  springs ;  a  second 
pipe  goes  down  from  the  second  garland, 
which  may  be  larger  in  size  than  the  first 
one,  because  it  may  have  to  take  a  larger 
quantity  of  water.  In  this  way  the  water 
is  conducted  to  the  pit-bottom  or  to  some 
cistern  in  the  shaft-side.  If  it  goes  to  the 
pit-bottom,  the  wooden  pipe  stops  at  the 
lower  end  of  the  brickwork,  and  a  flexible  tube  (or  simple  rope) 
continues  it  to  the  bottom,  where  it  delivers  the  water  into  the 
water-barrel.  As  soon  as  this  barrel  is  filled,  it  is  wound  up  by 
the  engine,  and  the  flexible  water-pipe  is  put  into  another  barrel 
which  is  ready  at  the  pit-bottom.  In  this  way  small  feeders  of 
water  can  be  raised.  If  there  is  more  than  a  small  supply,  such 
as  50  gallons  a  minute,  a  separate  winding-engine  is  necessary 
to  wind  the  water ;  and  if  the  quantity  of  water  is  more  than  200 
gallons  a  minute,  pumping-engines  are  usually  employed. 

Guides. — As  a  general  rule,  the  sinking  hoppet  is  not 
attached  to  guides.  After  it  has  been  lifted  off  the  bottom,  one 
of  the  sinkers  steadies  it,  and  when  it  has  stopped  swinging,  it  is 
wound  up,  and  it  swings  but  little  on  its  way. 

Some  engineers,  however,  prefer  to  have  the  sinking  hoppet 
guided.  Amongst  such  methods  one  designed  and  patented  by 
Mr.  Galloway  has  been  used  in  South  Wales  and  elsewhere.  It 
is  shown  in  Fig.  145.    This  system  of  guiding  maybe  described  as 


Fig.  144. — Section  of  shaft 
wall.  1,  water-garlands ; 
2,  water-pipes. 
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Fig.  145. — Galloway's  guides. 


follows  :  Two  wire  guide-ropes  are  stretched  from  the  pit-frame  on 
the  top  to  a  platform  fixed  at  the  bottom  of  the  brickwork  in  the 

shaft  (see  Fig.  145).     The  cross- 
bar A,  with  a  collar  at  each  end, 
fits  on  to  these  guides;    in  the 
centre  of  the  cross-bar  is  a  hole 
through  which  the  winding-rope 
passes;  beneath  the  cross-bar  is 
attached  the  hoppet     When  the 
hoppet  is  raised,  a  rubber  buffer 
at  the  lower  end  of  the  winding- 
rope  comes  in  contact  with  the 
cross-bar,  so  that  it  also  is  lifted. 
As   the    cross-bar   is   connected 
with  the  wire  guides,  it   cannot 
swing,  and   the   hoppet    is   also 
steadied.    In  lowering  the  hoppet 
to   the  bottom,  the  cross-bar  is 
arrested  by  some  buffers  on  the 
guides  just  above  the  platform, 
but    the    hoppet    continues    to 
descend  through  an  opening  in 
the  platform  to   the   bottom  of 
the   pit.     The  wire  guides   are  generally  attached  to  capstans, 
by  means  of  which  they  can  be  raised  or  lowered,  and  the  plat- 
form is  used  for  the 
masons  in  walling  the 
shaft.      In  large  pits 
there    may    be    two 
hoppets  and  two  sets 
of  guides ;  in  this  case 
there  is  only  one  cap- 
stan rope  for  each  set 
of   guides    (see    Fig. 
145).  One  end  of  each 
wire     guide    is    fast- 
ened to  the  pit-frame 
at  D,  it  passes  down 
and    under   the  pul- 
leys C  in  the  pit,  then 
up   to  the  top  again 
over  the  pulleys  B,and 
thence  to  the  capstan. 
1  he  pit-top  is  covered   over,  and    there  is  a   pair  of  doors 
through  which  the  hoppet  can  be  raised  (see  Fig.  146).     These 


Fig.  146.— Galloway's  guides :  levers  for  opening  doors, 
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doors  are  lifted  by  means  of  the  lever  A  and  the  balance-weights  B. 
When  they  are  open  they  form  a  fence  for  the  shaft,  the  other  two 
sides  of  the  opening  having  permanent  fences.  After  the  hoppet 
has  been  raised,  the  trap-doors  are  closed,  and  a  bridge  run  over 
them,  into  which  the  hoppet  is  lowered. 

Sinking-Pumps. — The  pumps  most  commonly  employed  in 
sinkingpits  are  shown  in  Fig.  137.  On  the  crank-shaft  of  the  steam- 
engine  is  a  small  spur-wheel  or  pinion,  which  gears  into  another 
spur-wheel  three  or  four  times  the  diameter  of  the  pinion.  On  the 
same  shaft  as  the  large  wheel  is  a  crank  or  disc,  with  three  holes  for 
a  crank-pin,  which  can  be  placed  in  either 
hole  to  make  a  long  or  short  stroke  as 
required.  A  connecting-rod  from  the  crank- 
pin  gives  movement  to  beams  shaped  like 
the  letter  T  inverted,  or  the  letter  L,  at  the 
pit-top.  The  pump-rods  are  attached  to 
these  beams  by  the. method  shown  in  Fig. 
147.  The  beam  is  made  of  two  sides,  a  pin, 
A,  passing  through  both  ;  this  pin  also  holds 
a  saddle,  B,  which  can  turn  upon  the  pin. 
By  means  of  clamps  C  C,  this  saddle  is 
fastened  to  the  pump-rod.  These  pump- 
rods  are  of  wood,  and  from  4  to  1 2  inches 
square,  according  to  the  size  of  the  pumps, 
6  inches  square  being-  a  suitable  size  for 
pumps  14  inches  in  diameter  working  from 
a  depth  of  50  yards.  The  pump  shown 
in  Figs.  148  and  149  is  that  kind  usually  called  a  bucket-lift.  The 
pipes  are  all  made  of  cast  iron.  The  bottom  pipe  has  a  rounded 
end  perforated  with  holes,  and  called  a  wind-bore  ;  this  rests  on  the 
ground,  standing  in  the  water  ;  if  the  water  should  not  be  deep, 
enough  to  cover  all  the  holes,  those  above  the  water  may  be 
plugged,  so  as  to  prevent  wind  from  drawing  in.  Above  the 
wind-bore  is  the  clack-piece ;  the  clack-valve  is  shown  also  in 
Fig.  148  (1).  The  shell,  or  valve-seating,  is  of  cast  iron,  tapered  on 
the  outside  to  fit  into  a  tapered  recess  in  the  clack-piece.  There 
are  two  openings  for  the  water,  both  of  which  are  covered  by  a 
wrought-iron  plate,  which  is  the  valve.  This  wrought-iron  plate 
is  riveted  on  to  a  piece  of  tough  leather,  which  covers  the  whole 
surface  of  the  shell,  and  is  fastened  down  by  a  collar  on  the 
hook  a,  which  passes  through  the  shell ;  this  leather  forms  the 
hinge,  and  also  makes  a  soft  bed  for  the  valve,  which  would  not 
otherwise  be  water-tight.  A  hook  or  bow  is  used  for  the  purpose 
of  lowering  or  raising  the  clack.  The  cast-iron  door  can  be  taken 
off  when  it  is  necessary  to  change  the  clack     It  has  sometimes 


Fig. 


147.-  Pumping-beam 
and  saddle. 
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happened  that  the  door  has  been  taken  off,  and  could  not  be  put 
on  again  before  the  water  had  risen  up  so  that  the  clack  was 
useless.  There  is  often  another  clack-seating  above  the  door, 
where  the  clack  could  be  placed  in  case  the  lower  clack  was 
rendered  useless  in  any  way.  To  avoid  the  risk  of  not  having  the 
clack-door  on  or  properly  tight,  there  is  sometimes  no  clack- 
door,  and  the  clack  has  to  be 
drawn  up  to  and  lowered  from 
the  surface  every  time  it  is 
changed.  Above  the  clack- 
piece  comes  the  working 
barrel ;  this  pipe  is  about 
10  feet  long,  it  is  accurately 
bored,  and  is  the  cylinder 
in  which   the  bucket  works. 
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Fig.  148. — Pumping-set. 


Fig.  149. — Pumping-set. 


Above  the  working  barrel  is  a  bucket-door  piece,  a  short  pipe 
4  to  6  feet  long,  in  which  is  a  door  similar  to  the  clack-piece 
door.  At  this  door  the  bucket  can  be  taken  out  and  replaced. 
This  door  is  also  sometimes  omitted  for  the  same  reason  as  given 
above  for  dispensing  with  the  clack-piece  door.  Above  the  bucket- 
door  piece  are  the  ordinary  "  pump-trees."  The  "  pump-tree"  is 
a  pipe,  so  called  because  it  was  originally  made  by  boring  out 
the  trunk  of  a  tree.  It  is  generally  made  of  cast  iron  with  flanges, 
and  should  be  at  least  1  inch  in  diameter  larger  than  the  working 
barrel,  so  that  the  bucket  can  be  easily  withdrawn  or  lowered, 
and  the  flanges  should  be  faced  in  the  lathe,  so  that  the  joint 
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can  be  easily  made  water-tight  with  indiarubber  rings.  Bolts 
and  nuts  are  used  for  fastening  the  joints.  Formerly  pump- 
trees  were  not  faced  in  the  lathe,  and  the  joints  were  made 
water-tight  by  means  of  a  thin  wrought-iron  ring,  or  washer, 
rather  larger  in  internal  diameter  than  the  bore  of  the  pump-tree. 
This  ring  was  wrapped  with  flannel,  and  placed  between  the  two 
flanges,  and  when  the  bolts  were  tightened  the  flannel  served  to 
make  a  water-tight  joint.  At  the  top  of  the  pump-trees  is  the 
hogger-piece  (see  Figs.  149  and  137).  This  is  a  branch  pipe  for 
the  delivery  of  the  water,  and  is  belled  out  at  the  top  to  prevent 
the  water  overflowing  when  the  bucket  is  lifted.  To  the  hogger- 
piece  is  attached  a  large  flexible  tube  frequently  made  of  leather, 
which  conveys  the  water  into  the  drain.  Pipes  of  wrought  iron 
and  steel  are  sometimes  used  instead  of  cast  iron.  They  have 
generally  a  riveted  longitudinal  seam,  and  the  flange  is  riveted  on 
by  means  of  an  angle  iron,  which  is  riveted  round  the  pipe  and 
also  to  the  flange.  These  pump-trees  of  wrought  iron  or  steel 
are  very  much  lighter  than  cast  iron,  owing  to  the  greater  tensile 
strength  and  trustworthiness  of  wrought  iron. 

Bucket. — The  bucket  is  shown  in  Fig.  148  (3).  The  valves 
are  similar  to  those  in  the  clack.  The  water  is  prevented  from 
slipping  between  the  bucket  and  the  working  barrel  by  a  leather 
packing-ring,  a.  This  ring  is  held  tight  by  a  tapered  iron  ring 
b  driven  on  from  below.  When  the  bucket  is  lifted,  the  water  on 
the  top,  pressing  on  the  inside  of  the  leather  ring,  forces  it  open 
and  against  the  sides  of  the  working  barrel,  and  until  this  leather 
ring  is  worn  out  the  water  will  not  slip  past  the  bucket  to  any 
large  extent.  The  bucket  is  attached  to  the  rods  by  a  toothed 
iron  or  steel  bar,  called  a  sword,  shown  in  Fig.  148  (3)  c  and  (4), 
over  which  a  ring  is  driven  to  keep  the  teeth  in  their  places.  The 
sword  is  attached  to  the  pump-rods  by  the  iron  fork  and  by  bolts, 
as  shown  in  Fig.  148  (3)  E.  The  rods,  which  may  be  in  lengths  of 
20  or  30  feet,  are  joined  one  to  the  other  by  wrought-iron  plates  and 
bolts  (Figs.  147  d,  149  d,  and  150  dd).  Whilst  the  working  barrel 
is  10  feet  long,  the  stroke  of  the  bucket  in  a  sinking  pit  seldom 
exceeds  6  feet,  and  is  sometimes  only  2  feet.  As  the  pit  gets 
deeper  the  pumps  have  to  be  lowered.  When  first  fixed  the 
bucket  works  to  the  bottom  of  the  working  barrel,  but  when  the 
pumps  have  been  lowered  it  works  at  the  top.  The  bucket  can 
be  lowered  by  undoing  the  clamps  above  mentioned,  and  letting 
down  the  required  length  of  rod,  fresh  rods  being  added  at  the  top 
as  required. 

Pumps  are  frequently  suspended  by  ropes,  or  chains,  or  wooden 
rods  called  spears ;  these  latter  are  shown  in  Fig.  148.  They 
are  clamped  to  the  wind-bore,  and  at  intervals  are  attached  to  the 
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pumps  above  by  collars.  The  upper  end  of  each  is  attached  by 
clamps  (Fig.  150)  to  a  large  screw.  This  screw-thread  is  from 
6  to  10  feet  in  length  (on  a  rod  6  feet  longer  than  the  screw) — 
the  longer  the  better — and  is  from  3  to  4  inches  in  diameter,  with 
a  square  thread  chased.  At  the  lower  end  of  the  rod  is  a  head 
with  an  eye  in  it.  To  this  eye  is  suspended  by  a  pin  the  clamping- 
piece  to  which  the  rods  are  fastened.  The  screw  passes  through  a 
nut,  below  which  is  a  large  washer  ;  this  washer  rests  on  a  strong 
beam  or  beams  (Fig.  150).  As  the  pit 
gets  deeper  the  pumps  are  lowered  by 
unscrewing  these  nuts.  A  long  lever 
and  ratchet  is  commonly  used  for  this 
purpose.  If  the  nuts  were  attached  by 
gearing  to  a  small  steam-engine,  the  rais- 
ing and  lowering  of  the  pumps  would 
be  more  expeditiously 
and  cheaply  effected. 


Fig.  150. 


[git}  pou 


Fig.  151. 

Figs.  150,  151. — Pumping-set 
screws. 


Fig.  152. — Sliding 
wind-bore, 


Fig.  153. — Swinging 
wind-bore. 


When  pumps  have  been  lowered  the  length  of  the  screw,  the  clamps 
are  loosened,  the  screws  run  up,  and  the  clamps  again  tightened  to 
a  higher  part  of  the  spears.  Instead  of  this  system  of  screws,  cap- 
stans and  pulleys  are  sometimes  employed  (see  Fig.  155).  In  other 
cases  the  pumps  are  not  suspended,  but  are  fixed  to  cross-bearers 
in  the  shaft,  and  the  wind-bore  slides  over  a  pipe  attached  below 
the  dack-pi£ce,  which  has  been  turned  in  the  lathe  so  as  to 
make  an  air-tight  joint  with  the  sliding  wind-bore.  The  joint  is 
completed  by  means  of  a  stuffing-box  (Fig.  152).     As  the  pit  gets 
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deeper  the  wind-bore  can  fall  down  the  length  of  the  slide,  which 
may  be  10  feet.  In  order  to  add  fresh  pumps,  it  is  necessary  to 
break  the  joint  above  the  bucket-door  piece,  and  lower  that  and 
the  pipes  below  by  means  of  the  capstans  sufficiently  to  take  in  a 
9-foot  pipe,  the  slide  being  run  up  to  the  top  of  its  length. 

Swinging  Wind-bore. — It  is  necessary  to  blast  the  ground 
immediately  underneath  the  wind-bore.  Where  the  pumps  are 
suspended  by  spears,  they  can  be  swung  from  one  side  of  the  pit 
to  the  other,  but  where  they  are  fixed,  this  cannot  be  done.  To 
overcome  this  difficulty  a  swinging  wind-bore  (see  Fig.  153)  is 
sometimes  used.  This  is  made  on  the  principle  of  a  ball-and- 
socket  joint,  and  it  can  be  moved  a  distance  of  7  or  8  feet  in 


Fig  154. — Cornish  sinking-pump  : 
arrangements  of  pumping-lifcs, 


Fig.  155.  —  Ditto,  showing  pumps  suspended 
by  ropes,  pulleys,  and  rods. 


either  direction.  When  blasting,  the  pumps  are  protected  as 
much  as  possible  by  wooden  planks  from  the  effect  of  stones 
thrown  across  the  pit. 

It  is  seldom  that  an  ordinary  pump  is  employed  to  lift  the 
water  a  greater  height  than  70  or  80  yards.  When  the  pit  exceeds 
that  depth,  another  set  of  pumps  is  employed  (see  Fig.  149),  which 
pumps  the  water  from  the  bottom  into  a  cistern  from  which 
the  upper  set  of  pumps  takes  the  water  to  the  surface.  Where 
there  is  a  large  quantity  of  water,  several  lifts  have  to  be  put  in. 
As  many  as  five  lifts  have  been  employed  at  one  time  working 
from  the  bottom,  and  these  pumps  are  sometimes  20  and  even 
130  inches' in '^diameter,'    When  dealing  with  large  quantities  of 
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water,  the  method  of  pumping  may  be  modified  by  the  considera- 
tion that  the  pumping-engines  will  be  only  temporarily  required 
during  the  sinking,  and  that  the  water  will  afterwards  be  tubbed 
back,  and  the  pumping-engines  become  useless.  If,  on  the 
other  hand,  the  pumping-engines  will  be  permanently  required, 
machinery  of  a  permanent  and  economical  kind  may  be  erected. 
The  kind  of  pumping-engine  known  as  the  Cornish  has  a  great 
reputation  for  economy,  and  is  therefore  employed  sometimes  as 
a  sinking-pump  (see  Figs.  154  and  155). 

Where  the  pump  is  only  temporary,  it  has  of  late  years  become 
common  to  suspend  in  the  shaft  steam-pumps  by  means  of  wire 

ropes  (Fig.  rs6).  The  steam  is  taken 
down  the  pit  in  wrought-iron  pipes 
with  a  sliding  joint,  so  that  the  engine 
can  be  lowered  as  required.  The 
delivery-pipe  of  the  pump  is  free  to 
be  lowered  down.     The  suction-pipe 

paLRESERVOiR     ^    sometimes  a   flexible    tube   or  has  a 

sliding  joint,  so  that  it  can  be  kept 
at  the  bottom  of  the  pit,  or  the  engine 
is    constantly  lowered   as   the  pit  is 
deepened.     These  pumps  are  conve- 
nient, because,  owing  to  the  steam- 
cylinder  and  pumping-cylinder  being 
fastened  together  on  one  iron  plate, 
they   require    no    external    support, 
and  they  may  be  worked  at  a  great 
pace  with  comparatively  little  risk  of 
fracture  :    one   of  these   pumps  may 
deliver   as  much  as   1000   gallons  a 
minute.      Three  sets   of  pipes   have 
to  be  suspended  in  the  shaft — steam, 
exhaust,  and  water.     These  may  be 
attached  to   cross-bars,  as  shown  in 
Fig.  157.    The  delivery-pipe  is  brought 
up,  say,  10  feet  above  the  bank,  and 
also  the  exhaust-pipe  (see  Fig.  156).1' 
As  the  pit  is  deepened,  the  pump  is. 
lowered  by  the  capstan-rope  by  which, 
it    is    suspended.      The    steam-pipe,, 
having  a  slide  at  the  pit-top,  lengthens.    The  delivery  and  exhaust-, 
pipes,  not  being  attached  at  the  top,  are  free  to  follow  the  pump' 
downwards.     Fig.  158  shows  another  kind  of  pump,  which  may  be 

1  See  paper  read  at  the  Midland  Institute,  by  Mr.  W.  H.  Chambers,  on  the.' 
"Cadeby  Sinking." 


Fig.  156. 

ig.  156. — Suspended  pump  and 
arrangement  of  pipes  in  shaft. 
Fig.  157. — Plan  showing  arrange- 
ment of  pipes. 
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suspended  in  a  similar  manner.  There  are  a  variety  of  pumps  used 
for  this  purpose,  and  those  shown  in  the  illustrations  are  not  neces- 
sarily better  than  any  of  the  others.  The  pulsometer  (see  Fig.  159) 
has  also  been  used  in  shaft-sinking.  As  it  is  not  suitable  for  high 
lifts,  it  is  necessary  to  place  one  above  the  other;  the  bottom 
pulsometer  delivering  into  a  cistern  from  which  the  next  one  takes 
its  water,  and  so  on  up  to  the  surface.  Fig.  160  shows  a  method 
that  has  been  adopted  in  sinking  the  Canklow  pits  of  Sir  John 
Brown  and  Co.1  At  this  pit  the  quantity  of  water  met  with  near 
the  surface  was  very  great,  amounting  to  between  2000  and  2500 
gallons   a  minute.     Nine   pulsometers   were  employed  in  three 


Fig.  158.— Worthington  sink- 
ing pump. 


Fig.  159. —  Section,  showingpulso- 
meter  pump  fitted  with  grid 
valves. 


Fig.  160. — Pulsometer 
(Canklow  pits). 


tiers,  each  pulsometer  raising  the  water  to  a  height  of  about 
72  feet.  The  steam  was  taken  down  the  pit  in  pipes  from  boilers 
worked  at  a  pressure  of  80  lbs.  per  square  inch,  the  sliding  steam- 
pipe  being  used  for  the  lowest  set  of  pulsometers.  The  three  lowest 
pulsometers  were  suspended  by  chains  from  three  crab-winches 
on  the  surface ;  the  two  upper  tiers  of  pulsometers  were  fixed  on 
wooden  beams.  At  this  colliery,  after  the  pit  was  completed,  the 
water  was  kept  out  by  tubbing,  and  the  pulsometers  were  then  no 
longer  necessary.  There  is  no  way  of  ascertaining  the  amount 
of  water  delivered  by  a  pulsometer,  except  by  measuring  the 
quantity  delivered  ;  but  with  regard  to  ordinary  pumps  the  probable 
1  See  Engineering,  May  13,  1892. 
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quantity  of  water  may  be  calculated  from  the  diameter  of  the 

working  barrel,  the  length  of  the  stroke,  and  the  number  of  the 

strokes  per  minute. 

Let  D  equal   diameter  in  inches,  y   equal  stroke  in   yards, 

D2  X  V 
and  x  equal  delivery  in  gallons;  then  x  = 


D  =  10  andj>  =  2, 


D2X  y  _ 


10 


Then   if 


20;  that  is  to  say,  the  pump  will 


Fig.  161. 


deliver  20  gallons   per   stroke,   and,  if  there  are   ten  strokes  a 

minute,  it  will  deliver  200  gallons  a  minute. 

To  take  another  example.      Suppose  D  =  20,  and  the  stroke 

is  i§  yard,  and  the  number  of  strokes  per  minute  =  10;  then 

,           202  X  15       ,  „ 

y  =  10  x  ii  =  15,  and  x  =  -=  600  gallons  per  mmute. 

If  the  pump  does  not  deliver  this  quantity,  it  will  be  because 
there  is  some  slip  of  water  past  the  bucket,  ram,  or  piston,  or  past 
the  suction  or  delivery  valve,  or  else  because  the  water  during 
the  suction  stroke  does  not  follow  up  the  bucket  or  ram  to  the 
end  of  the  stroke,  i.e.  is  not  "  pumping  solid." 

Underground  Pumping-Engine. — It  is  often  found  con- 
venient, when  sinking  a  pit,  to  fix 
a  permanent  pumping-engine  in  a 
chamber  by  the  side  of  the  shaft 
(see  Figs.  161  and  162 '),  the 
steam  being  brought  down  to  the 
engine  in  pipes.  After  the  steam 
has  done  its  work,  it  is  sometimes 
condensed  and  then  passed  up 
with  the  delivery  of  water,  or  it  is 
taken  to  the  upcast  shaft,  or  it 
is  conveyed  to  the  surface  in  sepa- 
rate pipes  or  behind  a  brattice; 
the  advantage  of  this  mode  of 
pumping  the  water  is  that  the 
steam  and  water  pipes  occupy 
less  room  in  the  shaft  than  the 
pumps  worked  by  rods  from  the 
surface,  and  also  they  occupy  no 
space  on  the  surface.  The  heat 
from  the  steam-pipes  and  exhaust 
steam  is  useful  for  ventilating  purposes,  if  they  are  in  an  upcast 
shaft  or  on  the  upcast  side  of  the  brattice  in  a  shaft. 

Where  there  is  a  great  deal  of  water,  the  sinking  of  two  shafts 
simultaneously  facilitates   the   pumping,   because   there  may  be 
1  W.  Galloway,  Llanbradach. 


Fig.  162. 

Figs.  161,  162. — Sectional  end  elevation 
and  plan  of  pun:p-chamber. 


SINKING. 


107 


N'l 


N°2 


pumps  in  both  shafts ;  and  if  the  water  has  to  be  tubbed  out  it  is 
highly  desirable  that  all  the  shafts  at  the  colliery,  whether  two  or 
three,  should  be  sunk  simultaneously,  because,  if  the  first  shaft 
was  sunk  and  tubbed,  then  all  the  water  would  have  to  be  pumped 
at  the  second  pit,  whereas,  when  the  pits  are  sunk  together,  one 
pumping  does  for  both  the  shafts.  If,  however,  the  pumping  will  be 
permanent,  it  is  sometimes  economical 
to  sink  the  pumping-shaft  in  advance  of 
the  other  shafts ;  in  this  way  the  strata 
are  drained,  and  the  second  and  third 
pits  may  be  sunk  without  any  pumping. 
If,  notwithstanding  the  existence  of  a 
pumping-shaft,  there  should  still  be 
water  in  the  other  shafts,  they  may  be 
drained  in  the  manner  shown  in  Fig. 
163.  Here  a  heading  is  driven  from 
the  pumping-pit  under  the  pits  which 
have  to  be  sunk,  and  then  a  bore-hole 
put  down  from  the  sinking  pit  into  this 
heading,  so  that  any  water  that  is  in 
the  shaft  runs  down  this  bore-hole,  and 
the  sinkers  are  free  from  the  hindrance 
of  water.  There  may  be  some  ten- 
dency for  the  hole  to  be  stopped  up. 
To  avoid  this  a  chain  is  sometimes 
passed  through  the  hole  and  fastened 
above  and  below ;  if  the  chain  gets  jammed,  it  may  be  attached 
at  the  upper  end  to  the  engine  or  capstan,  and  pulled,  and  in  this 
way  the  hole  is  cleared. 

The  foregoing  remarks  on  sinking  are  taken  from  the  experience 
of  colliery  shafts,  but  the  sinking  of  shafts  for  other  purposes, 
such  as  for  iron,  tin,  or  gold  mines,  is  conducted  on  similar 
principles.  It  is,  however,  common,  in  the  sinking  of  metalliferous 
mines,  to  sink  shafts  at  an  inclination  from  the  vertical  in  the  vein 
and  following  the  vein,  so  that,  whilst  the  shaft  is  straight  as 
regards  the  direction  by  the  compass,  it  may  be  crooked  as  regards 
its  inclination.  Where  the  shaft  is  inclined,  the  hoppet,  instead 
of  being  suspended  without  guides,  is  frequently  a  box  on  wheels 
running  on  or  between  guides ;  in  the  same  way  the  rods  from  the 
pumping-engine  are  supported  by  rollers.  But  where  metalliferous 
shafts  are  sunk  in  the  vein,  the  sinking  is  concurrent  with  the 
opening  out  of  the  mine,  and  therefore,  after  the  first  two  or  three 
levels  are  opened,  the  sinking  of  the  shaft  is  gradual,  like  the 
development  and  exhaustion  of  the  mine,  and  is  continued  for 
scores  or  even  hundreds  of  years. 


Fig.  163. — Bore-hole  draining  pit. 
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Rectangular  Shafts. — Where  timber  is  used  for  the  per- 
manent lining  of  the  shaft,  it  is  frequently  made  rectangular,  as 


Fig.  164. 


Fig.  166. 
Fig.  165. 

Fig.  164. — Rectangular  shafts  :  section.     Fig.  165. — Plan.     Fig.  166. — 
Shaft  nearly  round. 

shown  in  Figs.  164  and  165.  There  is  a  framework  of  round  or 
square  timber  placed  at  intervals  of  from  3  to  6  feet,  and  behind 
this  are  planks  fixed  in  their  places  by  wedges ; 
sometimes  the  lining  is  adapted  to  a  nearly 
circular  shaft  (see  Fig.  166),  and  sometimes  to 
a  shaft  that  is  quite  circular.  Shafts  lined  with 
brickwork  are  sometimes  oval  in  shape. 

Temporary  Lining. — In  sinking  a  shaft 
it  is  often  found  convenient  to  put  in  a  tem- 
porary  lining  for  a  length  of  20   yards,   and 
sometimes  up  to  50  or  60  yards,  or  even  more, 
and  then  to  put  in  the  permanent  lining  of 
brickwork.     The  temporary  lining  is  sometimes 
1£^    made   of  light   wooden   curbs   of  oak,  say  4 
inches  wide  and  3  inches  deep,  cut  to  a  circle 
in  segments  and  bolted  together  (see  Fig.  167). 
This    curb    may   be   supported    on   iron  pins 
placed   in    holes    which   are    driven    into   the 
shaft-side  and  wedged  tight,  or  it  may  be  sus- 
pended from  some  fixed  curb  by  wooden  boards 
nailed  from  the  curb  above  to  the  curb  below; 
:GliningrTi,m  facing   tliese.  boards,   which  are  called  lacing-boards, 
boaDds ;  &    r°od    consti,:ute  tne  lining ,;    the  curbs  are  placed  at 
backU7wood  curbs    intervals  of  3  or  4  feet,  and  the  lining-boards 
bricLlfg°curb?s;  4'    may  be  lonS  enough  t0  be  attached  to  three  or 
four  curbs.     Another  method  of  lining  used  by 
Mr.    Charles   Walker   in  a  sinking   near  Barnsley  is   shown  in 
Figs.  168  and   169.     In  this  case  iron  rings  are  used  instead  of 
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wooden  rings;  the  top  ring  is  carried  on  iron  pins  wedged  fast 
into  holes  driven  into  the  shaft-side,  the  lower  rings  are  sus- 
pended by  iron  hangers  bent 
into  the  shape  of  a  hook  on  the 
top  and  bottom.  Boards  are 
placed  behind  these  rings  and 
fixed  tight  by  wedges.  As  the 
permanent  brickwork  is  brought 
up,  the  lower  rings  are  taken 
to  pieces,  and  the  lining-boards 
removed  ready  for  use  again. 

Rules  for  Safety.— The 
only  way  to  secure  safety  in  a 
sinking  pit  is  to  employ  expe- 
rienced sinkers  and  to  enforce 
a  strict  observance  of  rules. 
Some  amongst  the  many  rules 
that  have  to  be  regarded  are 
as  follows : — 

i.  The  pit-top  must  be  in 
charge  of  a  banksman,  whose 
directions  must  be  obeyed  by 
every  one  on  the  surface  about 
the  pit-top.  The  banksman 
must  see  that  there  are  no 
loose  materials,  bricks,  stones,  F'g- 169- 

dirt    Of  any    kind,    loose   picks,    Fi°- '^.-Walker's  temporary  lining  for  shaft: 
,  _  j  i  plan.     Fig.  169. — Ditto :  elevation. 

shovels,     wedges,     hammers, 

bolts,  nuts,  or  anything  of  any  sort  near  the  pit-top  which  could 

be  accidentally  knocked  down  the  shaft. 

2.  The  pit-bottom  must  be  in  charge  of  a  master  sinker. 

3.  There  must  be  a  signal  apparatus  from  the  pit-top  to  the 
pit-bottom,  and  another  signal  apparatus  from  the  bottom  to  the 
top  and  to  the  engine-man.  There  must  also  be  a  signal  apparatus 
from  the  bank  to  the  engine-man ;  it  is  also  desirable  that  the 
engine-man  should  clearly  see  the  pit-top. 

4.  There  must  be  a  good  light  on  the  pit-bank  at  night,  but 
screens  must  be  placed  between  these  lights  and  the  eyes  of  the 
engine-man. 

5.  When  the  sinking  pit  is  entered  for  the  first  time  after 
it  has  been  left  without  any  sinker  in  it,  even  for  a  brief  period, 
the  master  sinker  must  go  down  with  safety-lamps  only,  and 
examine  for  explosive  gas,  and  particularly  must  this  precaution 
be  observed  after  blasting. 

6.  Before  starting  to  work  on  the  pit-bottom,  the  master  sinker 
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and  his  deputies  must  examine  the  shaft-sides  from  top  to  bottom, 
and  particularly  those  portions  where  there  is  no  lining,  and  loose 
stones  must  be  pulled  off,  so  that  no  sinker  may  work  beneath 
ground  which  is  unsafe.  The  master  sinker  must  particularly 
observe  thai  every  opening  made  into  the  shaft-side,  such  as  a 
heading  in  a  seam  of  coal,  or  for  any  other  purpose  whatever,  is 
safely  walled,  so  that  no  loose  material  can  fall  from  the  sides  of 
the  heading  and  fall  down  into  the  shaft.  He  must  also  see  that 
every  edge  of  wall,  whether  at  the  pit-top  or  at  such  openings,  is 
securely  fixed  with  timber  or  cement,  so  that  no  loose  bricks  can 
fall  off.  He  must  also  see  that  there  are  no  loose  bricks,  stones, 
tools,  bolts,  nuts,  or  any  loose  thing  whatsoever  upon  any  of  the 
rings,  ledges,  bearers,  pipes,  or  platforms  in  the  pit. 

7.  A  sinker  must  be  appointed  as  hanger-on  to  give  signals 
to  the  bank;  he  must  also  steady  the  hoppet  whenever  it  has 
been  lifted  off  the  bottom,  and  must  see  that  it  has  ceased  to 
swing  before  he  gives  the  signal  to  wind  up. 

8.  The  engine-man  must  not  lower  the  hoppet  to  the  bottom, 
but  must  stop  at  least  5  yards  off  the  bottom  until  he  receives  the 
signal  from  the  hanger-on-  to  lower  down.  Unless  this  rule  is 
observed,  the  sinkers  might  be  crushed  by  the  hoppet  descending 
upon  them. 

9.  The  hoppet  must  not  be  filled  over  the  top  with  dirt,  and 
all  tools  reaching  over  the  top  must  be  tied  firmly  to  the  chains, 
so  that  they  cannot  fall  out. 

10.  The  pit-top  must  be  quite  covered  over,  either  with  trap- 
doors or  with  a  movable  bridge,  whilst  the  hoppet  is  being 
unhooked  and  the  other  one  being  hooked  on. 

11.  When  the  bridge  is  run  over  the  pit-top  it  must  be 
immediately  and  securely  fastened,  so  that  it  cannot  run  back  (else 
the  banksman  and  the  hoppet  might  be  accidentally  precipitated 
into  the  shaft). 

12.  There  must  be  a  code  of  signals  for  the  guidance  of  the 
engine-man,  which  may  be  arranged  to  suit  the  previous  experience 
of  the  workmen ;  as  for  instance — 

One  rap  to  raise  the  hoppet  off  the  bottom. 

One  rap  to  wind  up  after  the  hoppet  is  steadied. 

One  rap  to  raise  the  hoppet  off  the  bridge. 

Two  raps  to  lower  down. 

Three  raps  to  raise  the  hoppet  off  the  bottom  when  men  are 
about  to  ascend. 

Four  raps  to  go  on  slowly. 

Six  raps  when  a  shot  is  about  to  be  fired  and  to  raise  the 
hoppet  just  clear  of  the  bottom,  so  that  the  sinker  may  get  in  after 
lighting  the  fuse. 
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One  rap  to  go  on. 

13.  Safety-lamps  to  be  used  at  the  pit-bottom  when  about  to 
cut  into  a  seam  of  coal. 

14.  A  good  ventilation  to  be  maintained  at  the  pit-bottom, 
and  especially  when  bricking  both  above  and  below  the  scaffolding. 

15.  Explosives  to  be  taken  down  in  cartridges  and  canisters. 
A  great  many  precautions  not  indicated  in  the  above  remarks 

have  also  to  be  taken.     In  some  cases  safety-hooks  are  used  to 
prevent  overwinding. 

Ventilation. — For  the   ventilation   of  a   sinking  pit   it   is 
sometimes  divided  into  two  compartments  by  a  vertical  division, 
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Fig.  170.— Bratticing  of  shaft.     1,  air-pipe  ;  2,  brattice  boards  ;  3,  fan  ; 
4,  iron  clamp ;  5,  wood  posts  to  hold  boards. 

called  a  brattice;  such  a  brattice  is  shown  in  Fig.  170.  Here  it 
is  made  by  fixing,  with  iron  clamps  (4)  and  coach-screws,  two 
posts  (5)  to  the  shaft-side ;  in  each  of  these  posts  is  a  groove  wide 
enough  to  take  a  2-inch  plank.  The  planks  are  tongued  and 
grooved,  so  that  when  fitted  together  and  wedged  into  the  groove 
of  the  posts,  they  make  an  air-tight  division.  Any  space  between 
the  posts  and  the  bricked  lining  may  be  stuffed  with  oakum  or 
other  material  to  prevent  the  air  drawing  through ;  whatever 
material  is  used  it  should  be  such  that,  if  it  should  loosen  and 
fall,  it  will  not  injure  anybody  by  its  weight.  The  bottom  of  the 
"brattice  is  supported  by  a  beam  fixed  into  the  shaft-sides;  since 
the  brattice  cannot  be  continued  right  down  to  the  bottom,  a 
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floor  is  put  under  to  close  it.  At  the  level  of  the  beam  an  opening 
is  cut  in  the  floor  to  which  pipes  are  attached,  say  15  inches  by 
20  inches  internal  dimensions ;  these  pipes  are  carried  down  to 
within  a  few  feet  of  the  bottom.  If  there  is  a  steam-engine  behind 
the  brattice,  the  heat  from  the  steam-pipe  will  cause  an  upward 
current,  or  a  steam-pipe  may  be  taken  to  the  bottom  of  the 
brattice  and  some  steam  allowed  to  escape,  for  the  purpose  of 
warming  the  air  and  causing  an  upward  current ;  otherwise  the 
top  of  the  brattice  must  be  connected  with  a  fan  driven  by  a 
steam-engine.  A  small  engine,  with  a  cylinder  6  inches  in  diameter 
and  12  inches  stroke,  would  be  sufficient  for  the  ventilation  of  a 
single  shaft,  and  for  a  fan  3  feet  in  diameter.  The  fan  is  generally 
an  ordinary  centrifugal  fan.  If  the  brattice  is  connected  by  means 
of  a  pipe  with  the  centre  of  the  fan,  it  will  then  suck  air  out  of 
the  shaft ;  but  if  the  brattice  is  connected  with  the  outside  of  the 
fan  casing,  it  will  then  blow  air  down  the  brattice,  because  every 
centrifugal  fan  sucks  in  air  at  the  centre  and  discharges  it  at  the 
periphery.  In  some  cases  there  is  no  brattice,  but  air-pipes  are 
carried  all  the  distance  (see  Fig.  171).  If  wooden  pipes  are  used 
with  an  internal  area  of  2  square  feet,  they  are  sufficient  for  a 
single  shaft  under  ordinary  circumstances  ;  but  brattice  facilitates 
the  ventilation  of  the  pit,  and  clears  it  of  smoke.  If  pipes  are 
used  all  the  way,  it  is  usual  for  the  fan  to  blow  air  down  them, 
because  then  the  current  will  strike  down  from  the  bottom  of  the 
pipes  and  clear  the  shaft-bottom  of  smoke,  after  blasting,  almost 
immediately,  but  the  upper  part  of  the  shaft  remains  smoky.  If, 
on  the  other  hand,  the  fan  sucks  air,  the  whole  shaft  has  to  be 
cleared  of  smoke  before  the  bottom  is  quite  clear,  and  therefore, 
unless  there  is  a  powerful  ventilation,  there  is  a  loss  of  time. 
When  a  bricking  scaffold  is  in  the  shaft,  the  air-pipe  must  be 
continued  past  the  scaffold,  so  as  to  ventilate  the  pit-bottom  when 
the  scaffold  is  raised  up ;  but  water  may  then  accumulate  at 
the  bottom  and  close  the  end  of  the  pipe,  and  this  stops  the 
ventilation.  It  is  necessary,  therefore,  that  there  should  be  a 
branch  pipe  above  the  scaffold,  so  that  in  case  the  lower  pipe  is 
sealed  with  water,  there  may  still  be  ventilation.  This  may  be 
carried  out  by  making  the  pipe  that  goes  through  the  scaffold 
smaller  than  the  main  pipe,  and  leaving  the  bottom  of  the 
latter  partially  open,  as  shown  in  Fig.  171.  Sometimes  circular 
iron  pipes  of  sheet  iron,  about  TV  inch  thick,  are  used  instead  of 
wood;  these  are  bolted  together  by  means  of  two  flanges  at 
each  end.  It  is  highly  important  that  these  pipes  should  be  very 
carefully  fastened,  either  to  the  shaft-sides  or  to  suspending  ropes  or 
chains,  so  that  there  should  be  no  possibility  of  their  falling  on  the 
sinkers  after  being  knocked  by  stones  from  the  shots,  etc. 
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Explosives.— For  ordinary  shales  in  the  coal  measures,  gun- 
powder, either  in  grains  or  compressed,  is  found  most  effective  in 
lifting  the  ground ;  but  for  hard  stony  ground  or  rock,  dynamite, 
blasting  gelatine,  or  other  high  explosive  is  found  most  effective. 
One  of  the  advan- 
tages of  dynamite 
is  that,  if  tne  hole 
is  bored  as  large  as 
would  be  suitable 
for  gunpowder,  the 
charge  can  be  con- 
centrated at  the 
bottom  of  the  hole, 
and  is  then  more 
effective  for  lifting 
the  ground.  Or,  if 
a  small  hole  is 
bored,  it  can  be 
done  more  quickly 
than  a  large  hole 
such  as  is  required 
for  gunpowder.  A 
dynamite  cartridge 
will  go  in  a  hole 
1  inch  in  diameter. 
For  gunpowder  the 
hole  should  be  2^ 
or  3  inches  in  dia- 
meter, in  order  to 
take  a  sufficiency 
of  powder. 

Drilling  by 
Steam-power. — 
In  ordinary  colliery 

sinkings  the  blast-holes  are  drilled  by  manual  labour,  because, 
though  the  holes  could  be  more  quickly  drilled  with  a  machine 
worked  by  compressed  air,  yet  the  saving  in  time  in  actual  drilling 
would  be  lost  in  the  time  required  to  fix  the  machine,  and  the 
accidents  connected  with  the  use  of  machinery ;  but  if  the  sinking 
is  to  go  through  a  great  thickness  of  hard  rock,  then  steam-power 
is  required. 

It  would  be  dangerous  and  inconvenient  to  take  steam  into 
the  pit-bottom,  and  therefore  the  steam-engine  is  placed  at  the 
top,  and  used  to  compress  air.  This  is  conveyed  to  the  pit- 
bottom  in  pipes  from  2  inches  to  4  inches  in  diameter,  according 


Fig.  171.— Ventilation  and  bricking  of  shaft,  i,  bricking  scaffold  ; 
•2,  sinking  bowks ;  3,  blowing-fan  ;  4,  wooden  air-pipes  :  5, 
landing-stage;  ■< — ■ — cat ,  direction  of  air-current.  A,  plan 
of  shaft,  showing  scaffold  ;  B,  section  of  joint  of  pipe. 


Il4 


MINING. 


Fig.  172.— K.ock-drill. 


to  the  number  of  machines  to  be  worked.     At  the  sinking  ot 
the  Harris's  Navigation  Colliery,  in  South  Wales,  several  descrip- 
tions of  machine-drills  were  em- 
ployed; the  diamond  drill  was 
first  tried,  but  subsequently  it 
was  superseded  by  the  use  of  a 
percussive  drill,  similar  to  that 
shown  in  Fig.  172.     This  kind 
of  drill  is  generally  carried  on 
a  tripod  stand.      Details  of  a 
machine-drill    are     shown     in 
Fig.   173.     The  machine  con- 
sists of  a  cylinder  3  inches  to 
4   inches   in  diameter,  with  a 
piston  having  a  stroke  of  say 
4    inches ;    the    slide-valve    C 
reverses    by   the  action  of  the 
piston  D,  so  that  the  piston  will 
move  with   great  rapidity,   say 
500   double   strokes   a  minute. 
The  piston-rod  projects  through 
a  stuffing-box,  and  at  the  end 
is  a   socket  or  drill-holder,  S. 
The  cylinder  is  fixed  on  an  iron  slide,  up  and  down  which  it  can 
be  moved  by  turning  a  screw,  R. 

When  proceeding  to  drill  a  hole,  a  short  drill  is  fixed  in  the 
piston-rod,  and  light  blows  are  struck  upon  the  surface  of  the 
rock  until  a  hole  has  been  gently  and  slowly  bored  to  the  depth 
of  an  inch  or  two  ;  this  care  in  starting  is  necessary  because  the 
drill  might  slip  on  the  bare  surface  of  the  rock;  after  once  the  hole 
is  formed  in  the  right  place,  full  power  is  turned  on.  The  drill 
turns  itself  between  each  blow  (see  Fig.  173).  A  fluted  rod,  F, 
projects  through  the  cylinder  cover  into  the  cylinder,  and  fits  into 
a  fluted  hole  in  the  piston ;  the  flutings  have  a  spiral  twist  like 
those  of  a  rifle.  As  the  piston  moves  up  and  down,  it  tends  to 
twist  backwards  and  forwards  to  the  fluted  bar.  This  bar  outside 
the  cylinder  has  on  it  a  ratchet-wheel,  which  permits  it  to  turn 
in  one  direction  only,  so  that  the  piston  has  to  twist  when  making 
the  back-stroke.  In  this  way  the  piston  is  turned  one  tooth  of 
the  ratchet-wheel  every  back  stroke,  whilst  the  fluted  rod  turns 
every  forward  stroke.  The  turn  of  the  piston,  and  consequently 
of  the  boring-bar,  causes  the  tool  to  drill  a  round  hole. 

As  the  drill  works,  the  miner  turns  the  handle  of  the  advancing 
screw,  and  so  causes  the  cylinder  to  move  down  the  slide,  thus 
keeping  the  point  of  the  drill  up  to  its  work.    The  slide  being  say 
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1 8  inches  long,  the  hole  can  be  drilled  that  depth.  When  this  depth 
is  reached,  the  screw  is  reversed,  the  drill  drawn  out  of  the  hole, 
a  longer  drill  is  placed  in  the  hole  and  cottered  to  the  piston- 
rod.     This  second  drill  is  rather  narrower  than  the  first  drill,  so 


Fig.  173.— Rock-drill :  details. 

that  it  may  not  catch  on  the  sides  of  the  hole.  When  the  entire 
length  of  this  drill  has  been  bored,  if  it  is  still  required  to  go 
deeper,  a  third  and  fourth  drill  can  be  added.  To  clear  the  hole 
of  dirt,  a  jet  of  water  is  directed  into  the  hole,  and  the  action  of 
the  drill  mixes  the  dirt  up  with  the  water,  some  of  which  is  always 
being  jerked  out  of  the  hole.  At  Harris's  Navigation  they  used 
Ingersoll's  drills  and  Beaumont's  drills.  Ingersoll's  drill  cylinder 
had  a  diameter  of  3£  inches,  and  a  stroke  of  4J  inches ;  three  of 
these  were  worked  at  the  same  time.  Ten  holes  were  drilled,  each 
3  feet  in  depth,  the  sumping  shots  were  put  at  an  angle  of  35" 
from  the  vertical,  and  were  from  3  feet  to  3  feet  6  inches  deep, 
and  i£  inch  in  diameter  at  the  top  and  ii  inch  at  the  bottom. 
It  took  s  minutes  to  fix  the  drilling-machine,  and  from  15  to  20 
minutes  to  bore  a  hole  3  feet  deep ;  in  the  same  ground  it  took 
-three  men  2  J  hours  to  bore  one  hole  by  hand.    Two  men  attended 
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to  each  machine-drill.  By  the  use  of  machine-drills  the  sinking 
in  the  Pennant  rock  was  made  at  the  rate  of  3i  yards  a  week, 
whilst  by  hand  the  progress  was  only  2£  yards  a  week ;  no  time 
spent  in  walling  included  in  either  case.  The  diameter  of  the 
excavation  was  20  feet.  For  every  yard  sunk  at  this  pit  in  this  rock, 
there  were  required  33^  lbs.  of  dynamite.  The  brickwork  was  18 
inches  thick,  and  the  diameter  inside  was  17  feet,  and  1  yard  high, 
and  was  built  in  10  hours  by  six  masons  and  four  labourers. 

As  an  example  of  the  difficulty  of  sinking  in  hard  rock,  it  may 
be  mentioned  that  at  this  same  sinking  only  2  yards  a  week  were 
sunk  and  walled  when  in  hard  rock,  whilst  7  yards  were  sunk  and 
walled  when  in  ordinary  shales.  This  sinking  is  one  of  the  most 
interesting  of  which  a  record  has  been  published.  Details  are 
given  by  Messrs.  Forster  Brown  and  Adams,  in  a  paper  read  at  the 
Institution  of  Civil  Engineers,  in  1881.  The  area  of  the  royalty 
(that  is,  the  mineral  estate)  to  be  worked  by  this  colliery  is  3500 
acres,  and  the  depth  of  the  coal  760  yards.  The  two  shafts  were 
60  yards  apart,  each  17  feet  in  diameter  inside,  and  the  total  cost 
of  the  sinking  and  plant  was  ^300,000.  The  time  occupied  in 
sinking  was  6  years  3  months,  divided  as  follows : — 


• 
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spent  in  actual  sinking 
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,, 

,, 
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l8"3 
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„            boring  drill-holes 

... 

... 

27 

>> 

,,           making  lodge-rooms 

[i.e.  chambers 

in  the  shaft-side  for  pumps)     

... 

16-05 
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In  sinking  shafts  for  metalliferous  mines,  machine-drills  are- 
generally  employed,  because  of  the  hard  nature  of  the  rocks.  As 
a  general  rule,  machine-power  drills  should  be  employed  wherever 
the  rocks  are  very  hard,  and  hand-drilling  wherever  they  are  soft, 
like  common  coal-measure  shales  and  binds. 

Speed  of  Sinking. — When  there  is  a  large  quantity  of  water 
in  a  sinking  pit,  the  speed  of  sinking  is  often  very  slow,  owing  to- 
the  time  that  has  to  be  occupied  in  attending  to  the  pumps,  so 
that,  even  if  they  are  entirely  efficient,  the  sinking  is  much 
hindered.  In  some  cases  the  influx  of  water  is  such  that  the 
sinkers  are  perpetually  standing  in  it,  often  knee-deep,  and  it  is 
obviously  difficult  to  make  rapid  progress  under  such  circum- 
stances. Attempts  are  usually  made,  if  the  ground  is  at  all  solid, 
to  tub  or  dam  back  the  water.  In  the  case  of  dry  or  nearly  dry 
sinkings,  the  rate  of  progress  depends  chiefly  on  the  organization 
and  the  capacity  of  the  machinery.  Thus  in  case  there  is  only 
one  winding-engine  working,  as  is  generally  the  case,  with  one 
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rope,  a  good  deal  of  time  will  be  occupied  in  drawing  the  dirt 
after  a  blast.  For  instance,  a  shaft  15  feet  in  diameter  has  an 
area  of  176  square  feet ;  then,  if  14  cubic  feet  weigh  1  ton,  there 
are  12^  tons  of  material  in  every  foot  of  depth,  or  37^  tons  per 
yard.  If  the  hoppet  is  a  large  one,  say  3  feet  in  diameter  by  3 
feet  deep,  it  will  hold  about  15  cwt. ;  it  will  thus  require  50 
hoppets  to  take  out  1  yard  in  depth  of  the  shaft ;  and  if  it  takes 
4i  minutes  to  raise  a  tub — say,  1  minute  winding  up,  1  minute 
lowering  down,  i£  minute  hooking  on  and  steadying  at  pit- 
bottom,  ij  minute  unhooking  and  changing  hoppets  at  the  pit- 
top,  total  4£  minutes — then  it  will  take  225  minutes,  or  say  4 
hours,  to  wind  the  material  contained  in  1  yard  of  strata,  sup- 
posing that  there  is  no  hindrance  of  any  kind ;  but  hindrances 
must  always  be  expected.  If  there  are  two  winding-engines,  then 
the  work  may  be  done  in  much  less  time.  As  much  as  20  yards 
have  been  sunk  (without  walling)  in  a  colliery  shaft  in  one  week  ; 
but  8  to  10  yards  a  week  sinking  and  walling  is  good  sinking  in 
ordinary  measures. 

Bricks  and  Stones  for  Shaft-lining.— Where  stone  is 
plentiful,  it  is  sometimes  used  for  building  the  circular  lining  of 
the  shaft.  At  collieries  bricks  are  more  common.  The  dimensions 
of  an  ordinary  brick  are  9  inches  x  4i  inches  X  3  inches ;  some- 
times bricks  of  special  shape  are  made,  say  6  inches  x  6  inches 
X  3  inches.  Where  the  ordinary-sized  brick  is  used,  the  wall  is 
double,  being  9  inches  thick;  about  every  fourth  course  are 
headers  to  bind  the  two  rings  of  brick  together.  When  rect- 
angular bricks  are  laid  in  a  circle,  the  internal  corners  touching, 
the  external  corners  are  some  distance  apart ;  to  avoid  this  the 
bricks  are  often  made  in  a  . 
mould  curved  to  the  circle  of 
the  shaft  (see  Fig.  174).  In 
shafts  of  small  size,  6  or  8, feet 
in  diameter,  this  is  an  advan- 
tage :  but  in  shafts  over  10  feet  „  „.    ,    .*.  " 

.   °    '  .     .  _  Fig.  174. — Circular  bricks. 

in  diameter  it  is  not  always  easy 

for  the  masons  to  tell  which  is  the  shorter  side  of  the  brick,  and 
he  may  lay  it  the  wrong  way,  and  for  that  reason  rectangular 
bricks  are  generally  used;  the  wider  the  brick,  however,  the 
greater  the  difference  between  the  length  of  the  front  and  back, 
if  curved.  Where  6-inch  bricks  are  used,  one  ring  would  be 
used  instead  of  two  4^-inch.  When  laying  the  bricks  they  must 
be  sheltered  from  the  water  falling  down  the  shaft,  otherwise  the 
mortar  would  be  washed  away.  Hydraulic  lime  or  quick-setting 
cement  should  be  used  in  wet  shafts. 

Permanent  lining  of  shafts  is  sometimes  made  of  wood  and 
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Fig.  175.— Plan  of  new  shaft,  Clausthal. 


iron,  as  shown  in  Figs.  175  and  176.    In  this  case  the  shaft  is  lined 
with  wrought-iron   rings   about  8  inches  deep,  with  an  internal 

flange  at   the  top   and 
bottom ;    behind  these 
are  placed  2-inch  planks; 
wedges  are  placed    be- 
tween the  rings  and  the 
planks   to   fasten  them. 
Iron    cross  -  beams   are 
fastened  to  the  circular 
rings,  by  means  of  which 
the  shaft  is  partitioned. 
The    diameter    of    the 
shaft   is  about    15    feet 
8   inches.     When  seen 
by  the  writer  in   1883, 
the  sinking  was  in  pro- 
gress,   and    it  was    in- 
tended to  carry  the  shaft 
to  a  depth  of  800  yards. 
Tubbing  and  Coffering.— 
Reference  has  been  made  above 
to  tubbing.     This  is  the  tech- 
nical term  for  water-tight  shaft- 
lining  made  fast  to  the  strata  at 
■htlnm,  the  bottom,  so  that  the  water 
Ncr^'s    .     cannot  enter  the  pit.     It  may 
-9™"*  W  be  made  with  brick,  stone,  con- 
crete,   wood,    or    iron;    when 
made  with  brick  or  stone  it  is 
often  called  coffering.    Cast-iron 
tubbing  is  the  kind  most  fre- 
quently employed  in  England  in 
colliery  shafts.     Fig.  177  shows 
a  section   of  a  hillside  with  a 
shaft  sunk  down  to  a  seam  of 
coal.    About  40  yards  below  the 
surface  is   an   offtake  drift,  or 
water-level,  by  which  the  ground 
is  drained  to  that  depth.     The 
strata  down  to  a  depth  of  50 
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Fig.  176.— Section  of  new  shaft,  Clausthal 


yards  consist  of  binds,  shales,  and  fire-clay,  through  which  water  will 
not  readily  pass.  Below  this  a  bed  of  rock  is  sunk  through ;  this 
rock,  having  many  joints,  and  being  also  porous,  is  readily  per- 
meable by  water,  of  which  it  contains  a  large  supply,  because  it 
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crops  out  on  the  hillside,  and  the  rainfall  and  water  from  brooks 
sink  down  into  it,  whence  they  pass  through  the  rock  into  the 
shaft.  The  sinking  was  effected  by  means  of  pumps.  Below 
this  bed  of  rock  were  beds 
of  shales  impervious  to  water. 
About  5  yards  below  the  bottom 
of  the  rock  a  wedging-curb  was 
put  in,  and  on  this  tubbing  was 
built  up  to  the  offtake  drift. 
The  water  was  then  excluded 
from  the  shaft  up  to  and  a  little 
above  the  level  where  it  was 
free  to  run  off.  Continuing  the 
sinking,  another  bed  of  water- 
bearing rock  was  found.  This 
rock  cropped  out  on  the  hill- 
top, and  yielded  a  copious 
supply  of  water.  Before  sinking 
through  this  rock,  a  wedging- 
curb  was  placed  in  the  water- 
tight shale  above  it.  After 
passing  through  the  rock,  which 
was  about  15  yards  thick,  an- 
other wedging-curb  was  placed 
in  the  water-tight  shales  below. 
Tubbing  was  then  built  up 
from  the  lower  curb  to  the 
upper  one,  and  thus  the  water  was  excluded  from  the  shaft.  The 
sinking  was  continued  for  a  further  depth  of  100  yards,  where 
the  coal  to  be  worked  was  reached.  The  coal  and  the  strata 
immediately  above  and  below  being  dry,  the  works  are  also  dry, 
and  the  expense  of  pumping  is  permanently  saved  by  the  tubbing 
in  the  shafts.  In  case,  however,  that  instead  of  100  yards  of  shales 
below  the  second  rock  and  above  the  coal,  there  had  only  been 
30  or  40  yards,  it  is  probable  that,  when  a  considerable  extent  of 
coal  had  been  got,  the  roof  would  have  broken  down  and  the 
water  in  the  rock  would  come  into  the  workings,  causing  great 
expense  by  its  softening  action  upon  the  roof  and  floor  and  pump- 
ing required.  Thus  the  expense  of  the  lower  length  of  tubbing 
would  have  been  worse  than  useless,  because  it  would  be  better  to 
drain  the  rock  by  pumping  at  the  shaft  and  have  the  workings  dry. 
What  thickness  of  water-tight  strata  is  necessary  can  only  be 
ascertained  by  experience  in  each  particular  district,  because  the 
results  obtained  vary  greatly.  In  the  South  Wales  Coal-field 
tubbing  is   rarely  employed,  whereas   in   North   Wales   and   in 


Fig.  177. — Section  of  shaft,  showing  brick- 
work and  tubbing,  i,  tubbing ;  2,  brick- 
work ;  3,  pipe  to  take  pressure  off  lower 
tubbing  ;  4,  offtake  for  water ;  5,  wedging- 
curbs  ;  P,  P2,  P3,  head  of  water  exerting 
pressure  against  tubbing. 


120 


MINING. 


ACK     OF     PLATE 


England  it  is  very  frequently  employed.  At  a  certain  Yorkshire 
colliery,  the  coal,  4  feet  thick,  lay  60  yards  below  a  heavily  watered 
bed  of  rock,  which  was  tubbed  at  the  shafts.  The  coal  was  worked 
longwall,  and  there  was  plenty  of  dirt  for  making  packs  and  stowing 
the  goaf,  and  the  water  from  the  rock  above  did  not  come  down 
in  any  large  quantity.  At  another  colliery  the  coal,  about  5  feet 
thick,  was  about  60  yards  below  a  water-bearing  rock.  The  coal 
was  worked  pillar-and-stall ;  some  packs  were  built,  but  not  so 
many  as  in  the  first  instance.  Occasionally  the  water  from  the 
rock  above,  which  was  tubbed  at  the  shafts,  broke  in,  causing 
great  expense.  In  some  cases  a  thickness  of  30  or  40  yards  of 
shale  are  sufficient  to  keep  the  water  from  breaking  through  into 
the  workings  below,  and  in  others  it  is  probable  that  100  yards 
would  be  insufficient.  It  is  evident  that  the  thickness  required 
will  depend  not  only  on  the  nature  of  the  shales,  but  also  possibly 
upon  the  head  or  pressure  of  water  in  the  rock,  and  upon  the 
thickness  of  the  seam  of  coal  and  the  method  of  working.     Thus 

if  2  feet  of  coal  only 
were  extracted,  and  the 
goaf  tightly  packed, 
there  might  be  no  frac- 
ture of  the  strata; 
whereas  if  12  feet  of 
coal  were  got,  and  no 
packs,  there  would  be 
very  serious  fracture  of 
the  strata. 

Cast  -  iron  Tub- 
bing.— Fig.  178  shows 
some  tubbing  in  plan 
and  section.  A  wedg- 
ing-curb  is  a  cast-iron 
ring  varying  from  9 
inches  to  3  feet  in  width, 
but  seldom  exceeding 
2  feet,  and  commonly 
about  r5  to  18  inches 
in  width,  and  7  inches 
in  depth  ;  it  is  hollow  inside,  the  metal  being  about  1 £  inch  thick. 
There  is  a  rebate,  or  step,  a,  on  the  inner  side  i  inch  wider  than  the 
width  of  the  base  of  the  tubbing-plate.  If  another  length  of  tubbing 
has  to  be  brought  up  to  this  curb  from  below,  there  is  then  also 
a  rebate  on  the  under  side.  The  curb  is  cast  in  segments  of  con- 
venient length,  say  5  feet.  Where  the  curb  has  to  be  placed  the 
shaft  is  belled  out,  so  as  to  leave  a  space  3  or  4  inches  in  width 


Fig.  178. — Cast-iron  tubbing. 
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at  least  at  the  back  of  the  curb.  The  wide  excavation  is  carriedl 
sufficiently  high  to  allow  the  free  use  of  a  hammer ;  the  curb-bed', 
is  cut  out  with  a  pick-axe,  chisel,  and  wedge  so  as  to  avoid  the 
shattering  action  of  explosives.  It  is  carefully  levelled  ;  a  sump 
is  left  in  the  middle,  in  which  the  water-barrel  may  dip.  The 
segments  of  the  curb  are  placed  in  a  circle ;  between  each  joint 
is  placed  a  board  of  soft  pine  about  f  or  ^  inch  thick.  In 
order  that  the  curb  may  be  placed  round  the  centre,  an  iron  pin 
is  fixed  in  the  middle  of  the  shaft  (in  a  beam  fixed  across  the 
sump)  by  means  of  a  centre-line  and  plummet  A  rod  called  a 
trammel  is  fixed  by  a  collar  over  this  pin ;  the  end  of  this  rod  is 
moved  round  to  see  that  each  segment  of  the  curb  is  an  equal 
distance  from  the  centre  ;  blocks  of  yellow  pine  are  placed  with 
the  grain  vertical  all  round  the  curb  between  it  and  the  strata, 
and  tightly  hammered 

down.     These  blocks     ____^ l>       oj 

are  then  wedged.  The    (~-~^T~^  =■       j  I        f] 

wedges  are   made  of  lever  for  extracting  chisel      w        u 

pitch    pine    (see     a,     ^>  M  ^=  '      r  |  KEOoe9 

Fig.  179);  they  are  7  hammers      A ,  U 

inches  long,  2\  inches    p<± ____^    V       p  chisel 

wide,    i    inch    thick,    y '     1         E3 

,     ...         '  ,'  Fig.  179.— Tools  used  for  tubbing. 

knife  -  edge     at     the 

bottom.  To  make  these  wedges  a  resinous  piece  of  pitch 
pine  is  selected,  and  cross-cut  into  blocks  as  thick  as  the  length 
of  the  wedges;  it  is  then  split  up,  and  the  splinters  carefully 
shaved  and  sharpened ;  these  are  then  dried  for  some  weeks  or 
months,  say  in  the  boiler-room,  and  they  become  hard.  These 
wedges  are  carefully  driven  in  so  as  not  to  break  them  before 
they  are  driven  up  to  the  head.  The  wedging  is  done  equally  all 
round  the  shaft,  the  trammel  being  used  to  see  that  one  segment 
is  not  driven  nearer  to  the  centre  than  the  other;  the  blocks 
soon  get  too  hard  to  admit  wedges.  Then  a  steel  chisel  (see 
b,  Fig.  179)  is  driven  into  the  blocks  and  extracted  by  the  forked 
lever  c ;  the  wedge  is  immediately  put  in  the  hole  thus  made, 
and  driven  in.  As  the  wood  gets  harder  it  is  necessary  to 
use  a  two-handed  hammer,  d,  to  drive  in  the  chisel,  and  the 
man  has  to  jump  on  the  extracting  lever  to  get  the  chisel 
out.  At  this  stage  the  long  wedges  cannot  be  driven  home, 
and  shorter  wedges,  4^  inches  in  length,  are  then  used.  The 
opening  chisel  is  put  in  by  holding  it  with  the  left  hand  and 
striking  it  with  the  small  hammer  till  it  just  sticks  in  the  top  of 
the  wedging;  it  is  then  struck  with  a  two-handed  hammer;  if,instead 
of  going  in,  it  springs  out,  the  wedging  is  sufficiently  hard. 
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It  will  take  72  hours,  six  men  working  at  a  time  in  8-hour 
shifts,  to  wedge  such  a  curb  in  a  shaft  13  feet  internal  diameter. 
On  the  top  of  the  curb  the  belled-out  space  is  now  filled  up  with 
brickwork  set  in  cement  or  cement  concrete,  and  grouted  with 
cement  all  round,  so  that  the  wedging  is  securely  covered  up  and 
kept  down.  The  tubbing-plates,  cast  in  segments  of  a  convenient 
size  (see  Fig.  178),  are  now  built  up  in  a  circle  on  the  rebate  of 
the  curb ;  underneath  each  plate  is  a  piece  of  board  of  yellow  pine 
§  inch  thick,  with  the  grain  pointing  towards  the  centre  of  the 
shaft,  and  between  each  segment  is  a  similar  piece  of  board  with 
the  grain  pointing  towards  the  centre  of  the  shaft.  Long  wedges 
are  placed  vertically  behind  the  plates,  the  thick  end  of  one  wedge 
being  put  to  the  bottom,  and  then  the  other  wedge  driven  down, 
liners  being  placed  in  the  space  if  necessary ;  there  will  be  a  wedge 
at  the  centre  of  each  plate  and  one  at  each  joint.  By  driving  in 
these  large  wedges  the  segments  are  squeezed  tightly  together. 
Some  pitch  pine  wedges  about  4^  inches  long  are  now  driven  into 
the  vertical  joints  to  make  them  tight.  The  tendency  of  these 
wedges  is  to  widen  the  circle,  while  the  tendency  of  the  long 
wedges  at  the  back  is  to  close  the  circle ;  if  the  circle  is  too  much 
widened,  additional  wedges  must  be  put  behind.  When  the 
vertical  joints  are  thus  made  tight,  the  holes  behind  the  tubbing 
may  be  filled  up.  This  filling  is  sometimes  done  with  any  harm- 
less material  at  hand,  such  as  small  shale,  fire-clay,  etc.;  sometimes 
cement  concrete  is  put  in;  other  engineers  prefer  to  fill  up 
with  finely  riddled  garden  soil.  The  next  ring  of  tubbing  is  now 
placed  on  the  top  of  the  first,  wooden  sheathing  being  placed  in 
all  the  joints  as  before,  the  vertical  joints  of  the  second  ring  being 
in  the  middle  of  the  plates  of  the  lower  ring ;  long  wedges  are 
driven  in  behind,  and  short  wedges  in  the  vertical  joints  as  before^ 
and  the  operation  repeated  until  the  tubbing  has  been  carried  up 
to  the  water-level  or  to  some  wedging-curb.  When  the  tubbing 
stops  at  an  upper  wedging-curb,  unless  the  length  has  been  care- 
fully calculated,  it  may  be  necessary  to  have  a  length  of  tubbing- 
plates  cast  to  make  up  the  length.  It  is  difficult  to  put  wedges 
in  behind  the  top  ring  of  plates  when  it  ends  with  a  wedging-curb. 
The  space  behind  this  last  ring  may  be  filled  up  with  cement 
concrete,  so  that  the  plates  cannot  be  driven  back  by  the  wedging. 
After  the  length  of  tubbing  has  been  all  fixed,  the  horizontal  joints 
may  be  wedged  (it  is  evident  that  it  would  have  been  useless  to 
wedge  these  previously,  as  the  plates  would  have  been  merely 
lifted).  It  will  probably  be  necessary  to  go  over  the  vertical 
wedging  again,  and  both  horizontal  and  vertical  joints  will  have 
to  be  wedged  two  or  three  times  before  the  wedging  is  water-tight. 
When  this  is  done,  the  hole  in  the  centre  of  each  plate  may  be 
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Fig.  180. — Tubbing-plate,  design  B,  back 
elevation  and  vertical  section. 


plugged  with  a  round  block  into  which  small  wedges  are  driven. 
It  is  usual  to  fix  a  tap  in  one  of  the  plates  of  the  tubbing,  and  to 
carry  a  small  pipe,  say  2  inches  in  diameter,  up  to  the  water-level. 
The  object  of  this  pipe  is  to  relieve  the  tubbing  from  any  excess 
of  pressure.  Whether  or  not  it  has  any  such  effect  may  be  doubt- 
ful; it  serves,  however,  the  purpose  of  indicating  the  pressure  of 
water  at  the  back  of  the  tubbing,  and  also  may  be  convenient  in 
case  a  supply  of  water  is  required. 

Design  and  Strength  of  Tubbing.— Design  B  (Fig.  180)  is 
a  very  good  one.  The  dimensions  are  given  on  the  figure,  which 
shows  a  back  view  of  the  plate  and  the  section.  When  the  plate 
is  fixed  in  the  shaft  the 
ribs  or  flanges  are  not 
visible,  the  front  of  the 
plate  being  quite  smooth. 
The  strength  of  the  plate 
to  resist  bending  pressure 
lies  in  the  ribs.  The  front 
plate  connecting  the  ribs 
prevents  the  water  entering 
the  shaft;  it  will  be  seen 
that  in  a  plate  2  feet  6  inches  high  there  are  five  horizontal  ribs, 
and  in  a  length  of  5  feet  2  inches  there  are  five  vertical  ribs.  These 
ribs  are  stiffened  by  brackets.  The  lower  flange  or  rib  is  5  inches 
wide,  the  upper  rib  is  5^  inches  wide,  and  has  a  flange  about 
f  inch  thick  standing  up  at  the  back  about  finch  high;  this  flange 
is  continued'  down  one  side  of  the  plate,  and  serves  as  a  guide 
against  which  the  next  plate  can  be  placed ;  it  also  prevents  the 
wedging  from  driving  the  wooden  sheathing  back.  In  the  centre 
of  the  plate  is  a  hole  through  which  the  water  can  pass  until  the 
joints  have  been  securely  wedged ;  it  is  also  convenient  as  a 
pin-hole  for  a  shackle  when  lowering  the  plate  down  the  pit. 

Width  of  Bibs. — The  following  rules  for  the  design  are  in 
accordance  with  actual  practice  :  the  ribs,  or  flanges,  to  be  not  less 
than  4  inches  on  the  bed  for  a  shaft  up  to  10  feet  in  diameter; 
4^  inches  for  10  feet  to  13  feet;  5  inches  for  13  feet  to  16  feet  (see 
Fig.  180) ;  5£  inches  for  16  feet  to  19  feet;  6  inches  for  19  feet 
to  22  feet. 

Thickness  of  Plate  and  Ribs. — The  following  is  a  rule 
given  by  Greenwell  for  the  thickness  of  the  plate.1  The  ribs,  or 
flanges,  are  all  made  the  same  thickness  as  the  plate.  Let  D  equal 
the  diameter  of  the  shaft  in  feet,  and  P  equal  the  depth  in  feet 
below  the  water-level,  x  equals  the  thickness  of  the  plate  in  feet ; 

1  This  rule  is  much  quoted  by  writers;  it  is,  however,  obvious  that  to  be  use- 
ful it  must  be  combined  with  other  rules  as  to  design  and  width  of  ribs,  etc, 
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P  X  D 
then +  o-o^  foot  =  x.      If  P  =  300  and  D  =  14,  then 

50,000 

-f  o'oi  =  0-114,  which  is  the  thickness  of  the  plate  in 

50,000      '  o  t>  r 

feet.  This  multiplied  by  12  =  1-368  inch,  or  say  if  inch.  If 
the  plate  is  made  on  design  B,  with  the  width  of  ribs  above 
given,  and  with  the  thickness  of  the  plate  and  flanges  according 
to  this  rule,  and  properly  put  in,  it  will  never  burst.  Another 
design,  A  (Fig.  178),  is  similar  to  B,  except  that  there  are  only 
three  ribs  instead  of  five,  and  the  plate  is  therefore  a  little  lighter; 
for  very  shallow  depths  the  thickness  given  by  the  rule  is  too 
light,  as  it  might  be  accidentally  broken.  For  these  shallow 
depths,  therefore,  the  plates  may  be  made  thicker,  and  design 
A  employed ;  in  this  case  the  thickness  of  the  plate  should  be 
50  per  cent,  stronger  than  that  given  by  Greenwell's  rule.  This 
rule  is  useful  for  rough-and-ready  calculations,  but  it  is  evidently 
not  very  accurate,  because  the  thickness  of  the  plate  varies  directly 
as  the  depth,  while  the  strength  to  resist  bending  given  by  increased 
thickness  is  more  than  in  direct  proportion  to  this  thickness. 

It  is  evident  that  tubbing  made  according  to  the  above  rule 
will  not  give  the  best  possible  disposition  of  the  iron,  in  the 
case  of  deep  shafts,  where  the  tubbing  is  200  yards  and  upwards 
in  depth,  and  that  the  right  way  would  be  to  increase  the  width 
of  the  flanges.  Thus  if  a  rib,  or  flange,  is  5  inches  wide  (the  thick- 
ness of  plate  is  in  all  cases  included  in  the  width  of  the  rib) — and 
that  is  a  suitable  width  for  a  depth  of  200  feet — then  for  a  depth 
of  600  feet  the  width  of  the  rib  ought  to  be  increased.  If  the  ribs 
are  regarded  as  girders,  their  strength  will  follow  in  proportion 
to  the  square  of  their  width ;  thus  a  rib  8  inches  wide  will  be 
four  times  as  strong  as  a  rib  4  inches  wide ;  but  if  the  ribs  and 
plate  are  regarded  merely  as  the  stones  of  an  arch,  then  their 
power  of  resistance  will  be  in  direct  proportion  to  the  weight  of 
metal  in  the  plate  and  horizontal  ribs.  It  is  best  to  take  a 
middle  course  between  these  two  points  of  view.  If,  therefore, 
the  thickness  of  the  plate  and  ribs  is  increased  in  proportion 
to  the  square  root  of  the  pressure,  and  the  width  of  the  flanges 
also  in  proportion  to  the  cube  root  of  the  pressure,  we  shall  get 
a  plate  more  calculated  to  resist  the  variety  of  strains  than  if 
the  thickness  only  is  increased  directly  as  the  pressure.  Thus  a 
rule  might  be  made  as  follows  : — 

x  =  thickness  of  plate  in  inches  for  a  depth  of  200  feet. 

P  =  depth  in  feet. 

D  =  diameter  of  shaft  in  feet. 

y  -  thickness  of  plate  for  depths  greater  or  less  than  200  feet. 

z  =  width  of  ribs  for  depths  greater  or  less  than  200  feet. 
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a  =  width  of  rib  for  200  feet  depth  (dee  Fig.  180).     (See  also 

first  rules  for  design,  p.  123.) 

PxD,    ..     ,  .  ,  D 

= 1-  i  inch ;   or,  since  P  =  200,  then  x  = (- 1  inch 

4000  20 


y  =  x  x 


V- 


z  =  a  x 


V 


The  following  are  the  width  of  ribs  (including  front  plate,  or 
web),  and  the  thicknesses  of  plates  and  ribs  by  the  above  rules 
for  a  14-foot  shaft : 


Depth. 

Thick 

ness. 

Width  of  ribs. 

100  feet 

072 

inch 

4-oo  inches 

200  „ 

I  -03 

;  1 

5'°° 

3°°    » 

I"26 

'■■> 

575       •■ 

600    „ 

178 

J' 

7'20          ,, 

900    „ 

2l8 

)» 

830    , 

This  rule  for  design  B  is  suitable  for  all  depths  and  diameters, 
and  gives  a  very  strong  plate  without  undue  weight,  because  of 
the  width  of  the  ribs. 

In  calculating  the  pressure,  it  is  necessary  to  consider  the 
height  of  the  source  of  the  water  (see  Fig.  177).  In  this  case  the 
water,  pressing  against  the  lower  length  of  tubbing,  comes  in  a 
rock  that  crops  out  on  the  top  of  the  hill,  and  the  pressure  against 
the  tubbing  will  be  that  due  to  the  depth  from  the  top  of  the  hill 
to  the  bottom  of  the  tubbing. 

Faced  Tubbing. — Tubbing  has  been  made  with  internal 
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Fig.  181. — Tubbing-plate,  inside  flanges. 

flanges  (see  Fig.  181),  the  vertical  joints  planed  and  the  segments- 
united  with  bolts,  the  entire  ring  of  plates  being  then  placed  on  a 
"lathe  and  turned  ;  in  this  way  a  whole  length  of  tubbing  may  be 
accurately  fitted.  Bolts  unite  the  horizontal  joints.  A  layer  of 
soft  felt  soaked  in  tar,  |  inch  thick,  is  placed  in  each  joint ;  when 
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the  bolts  are  tightened,  this  felt  is  squeezed,  so  that  the  plates 
seem  to  touch. 

In  putting  in  tubbing  of  this  kind,  wooden  sheathing  is  placed 
on  the  horizontal  joint  on  the  rebate  of  the  wedging-curb,  and 
also  on  the  top  of  the  highest  ring  of  tubbing,  and  these  two  are 
the  only  j  pints  that  require  to  be  wedged.  The  plates,  being  all 
numbered  and  marked,  can  be  put  together  in  the  pit  as  quickly 
as  they  can  be  lowered  and  with  very  little  labour.  In  the  top 
ring  the  last  plate  is  made  in  two  pieces  (see  Fig.  i8r),  and  a 
2-inch  strip  of  iron  is  inserted  in  the  middle;  the  sides  of  this  strip 
and  of  the  adjoining  edges  of  the  plate  being  parallel,  the  strip  can 
be  pushed  in  when  all  the  other  plates  are  in  position.  Bolts 
pass  through  this  strip  and  through  each  of  the  adjoining  flanges, 
and  so  it  is  held  securely.  The  advantage  of  this  kind  of  tubbing 
is  the  rapidity  with  which  it  can  be  placed  in  position,  and  its 
strength,  because  of  the  support  that  each  plate  gives  to  the  next 
one  through  the  bolts,  and  there  is  no  strain  on  the  tubbing  as 
the  result  of  wedging,  but  simply  that  due  to  natural  causes.  It 
is  probable,  however,  that  this  bolted  tubbing  will  be  more  rigid 
than  wedged  tubbing,  and  therefore  less  likely  to  yield  to  any 
movement  of  the  ground;  on  the  other  hand,  if  it  does  crack, 
the  fragments  will  not  fall  out.1 

Against  the  advantages  of  this  species  of  tubbing  must  be  put 
the  extra  cost  of  machining  the  joints. 

In  order  to  provide  for  pumping  and  other  machinery,  it  is 
necessary  in  every  long  length  of  tubbing  to  put  in  wall-boxes 

(see  elevation  and  section,  Fig.  182) 
or  rings  with  internal  flanges ;  cross- 
beams can  be  rested  in  these 
wall-boxes.  The  depth  should  be 
about  2  feet,  and  the  width  of  the 
wall-boxes  inside  the  plate  16 
inches.  The  vertical  ribs  are 
shown  1  foot  apart,  with  interme- 
diate brackets  to  prevent  the 
flanges  being  broken  by  the  pressure  of  the  wedging.  For  very 
heavy  machinery  wider  wall-boxes  must  be  put  in  resting  on  and 
securely  fastened  to  the  solid  ground. 

Coffering. — Fig.  183  shows  a  cast-iron  wedging-curb  on 
which  is  built  an  internal  brick  wall  9  inches  thick  laid  in  cement, 
and  an  external  brick  wall  4^  inches  thick.  Between  these  walls 
is  poured  a  mixture  of  sand  and  cement,  making  a  water-tight  wall. 
A  modification  of  this  is  to  use  stones  instead  of  brick.      Another 

1  The  writer  believes  he  was  the  first  to  introduce  this  kind  of  tubbing,  at 
a  colliery  in  North  Wales,  in  the  year  1873  ;  it  is  still  perfectly  sound. 
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Fig.  182.— Wall-box,  5  feet  X  2  feet, 
12  inches  deep. 
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modification  is  (see  Figs.  184  and  185  l)  to  build  a  brick  wall  i4£ 
inches  thick,  of  three  rings  each  4^  inches  and  two  spaces  each 
i  inch,  these  spaces  being  grouted  with  cement,  the  middle 
4^-incli  ring  having  its  courses 
half  a  brick  higher  than  the 
external  rings,  so  as  to  break 
the  horizontal  joint  Another 
method  described  by  Mr.  Emble- 
ton,  in  his  paper  to  the  Midland 
Institute,  is  shown  in  Fig.  186, 
which  gives  the  dimensions. 
This  stone  tubbing  consisted  of 
ashlar,  carefully  dressed  like  the 
stones  forming  the  arch  of  a 
bridge,  laid  in  cement,  forming  a 
wall  9  inches  thick.  The  stones 
of  every  fourth  layer  were  per- 
forated with  one  hole  in  the 
centre  to  let  the  water  through  ; 
as  the  walling  was  built  up  these 
holes  were  filled  with  wooden 
plugs.  The  depth  to  the  bottom 
of  the  tubbing  was  44  yards  1 
foot  3  inches,  and  the  total  cost 
amounted  to  ^10  16s.  per  yard. 
The  space  at  the  back  of  the 
stone  wall  was  filled  with  riddled 
soil.  After  the  wall  was  com- 
pleted, the  shaft  was  quite  dry, 
and  a  hole  bored  through  one 
of  the  wooden  plugs  proved  that 
the  soil  kept  the  back  of  the  wall  quite  dry. 
is  always  the  foundation  of  this  coffering. 

Wooden  Tubbing — Wooden  tubbing  (see  Fig.  187)  is 
commonly  used  in  France.  It  is  made  of  wooden  blocks  sawn 
out  of  the  best  heart  of  oak.  Each  block  is  3  feet  long  and  9 
inches  square ;  the  joints  are  cut  in  radial  lines,  so  that,  when 
placed  in  the  shape  of  a  dodecahedron,  the  blocks  fit  together  and 
cannot  be  pressed  inwards.  Each  block  is  carefully  planed,  so  that 
the  joints  are  quite  close.  The  curb  is  wedged  in  a  different 
manner  to  English  wedging-curbs.  It  is  made  of  wooden  blocks 
like  the  rest  of  the  tubbing;  the  space  between  the  block 
and  the  ground,  being  say  6  inches  or  more,  is  partly  occupied  by 

1  "Coffering  of  Shafts,"  by  W.  N.  Griffiths,  N.E.  Institute  Mining 
Engineers. 


Fig.  183. — Brick-and-cement  coffering,  i 
brick  9  inches  thick ;  2,  cement  3  inches 
thick  ;  3,  brick  4*  inches  thick. 


A  wedging-curb 
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a  piece  of  wood,  say  2  inches  thick ;  between  it  and  the  ground 
the  space  is  filled  in  with  compressed  moss  ;  between  the  second 
piece  of  wood  and  the  curb,  wedges  are  placed  and  driven  in, 

Fig.  184.     fg^;  Fig.  185 


euaJi-tiuviigh 
SaruZ£c. 
wMo 


A 


1»>/li///i/'iM 


B 

XT 


ZZ2ZZSEZZ&& 


Sections  of  cast-iron  wedging-curbs. 

Fig.  184. — Brick-and-cement  coffering.  Fig.  185. — Section  of  coffering.  B,  back 
casing  of  cj-inch  dry  brickwork  put  in  while  sinking;  D,  puddled  clay;  E,  three 
rings  of  brickwork  in  hydraulic  mortar ;  F,  two  rings  of  hydraulic  mortar  grouted  in. 

which  compress  the  moss  ;  against  the  ground  two  or  more  curbs 
are  wedged,  and  the  space  at  the  back  of  the  blocks  is  filled  up. 
When  all  the  blocks  have  been  placed  in  position  up  to  the  top, 
they  finish  underneath  a  brick  or  stone  wall  going  up  to  the  surface. 


Elevation  of  stone  walling.  Plan  of  stone  walling. 

Fig.  186.— Stone  coffering-,     i,  concrete  backing ;  2,  holes  to  relieve  water-pressure ; 
3,  stone  walling. 

'On  the  top  of  the  last  ring  of  blocks  is  placed  a  series  of  short 
vertical  screws  working  in  nuts  like  a  screw-jack.  The  screws- 
-all  round  the  shaft  are  tightened  simultaneously,  so  that  all  the 
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tubbing  is  tightly  pressed  down.  The  space  above  them  is  then 
filled  up  with  blocks  carefully  cut  to  fit,  the  screws  being  with- 
drawn in  turn.  The  tubbing  is  now  caulked,  like  the  caulking  of 
a  wooden  ship  :  the  joints  are  opened  with  a  chisel  to  a  depth  of 
i  J  inch,  and  into  this  hemp  steeped  in  tar  is  forced  with  a  caulking- 
tool.  The  late  Sir  W.  W.  Smythe  described  an  instance  of 
wooden  tubbing  put  in  at  a  depth  of  524  feet.  The  French 
engineers  prefer  wooden  tubbing,  but  the  late  Professor  Callon,  of 
Paris,  said  that  in  very  deep  mines  iron  was  to  be  preferred,  owing 
to  the  difficulty  in  getting  timber  of  sufficient  strength.  It  is 
probable  that,  if  there  is  any  movement  of  the  strata,  wooden 
tubbing  would  be  more  easily  repaired  than  cast-iron  tubbing. 
Quicksand. — The  ordinary  operations  of  sinking  are  often 
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Fig.  187. — Wooden  tubbing. 


Fig.  188.— Sinking  through  quicksand  by  piling. 


impeded  by  quicksand,  which  runs  into  the  shaft  like  water,  so 
that  it  is  impossible  to  make  it  any  deeper.  This  difficulty  is 
sometimes  overcome  by  a  system  of  piling  (see  Fig.  188).  In 
this  case  a  wooden  ring  or  curb  of  oak  about  9  inches  wide,  6 
inches  thick,  and  say  30  feet  in  diameter,  is  laid  on  the  ground. 
Outside  this  and  round  it,  piles,  which  consist  of  deal  planks 
sharpened'  at  one  end,  about  9  inches  wide  and  3  inches  thick,  are 
driven  vertically  down  as  deep  as  possible  without  breaking  the 
piles.  The  ground  inside  the  piles  is  now  excavated,  and  an 
additional  curb  is  placed  inside,  say  2  or  3  feet  below  the  first. 
As  the  excavation  proceeds, .  other  curbs  are  placed  inside  the 
piles  to  prevent  them  being  squeezed  in.     When  the  excavation 
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has  proceeded  to  a  depth  of  say  3  feet  less  than  _  that  of  the 
piles,  another  curb  is  laid  inside  the  last,  of  less  diameter,  just 
leaving  space  for  a  row  of  piles  to  be  driven  down  between  the 
two  curbs ;  another  row  of  piles  is  now  driven  down  all  round, 
and  the  excavation  proceeded  with,  internal  curbs  being  placed  in 
these  as  in  the  length  above.  The  diameter  of  the  shaft  is  rapidly 
contracted,  as  each  set  of  piles  reduces  the  diameter  about  2  feet. 
This  method  of  piling  will  not  answer  if  the  sand  is  very  quick. 

In  order  to  keep  the  shaft  the  same  width,  the  piling  system 
has  been  modified  in  some  places,  as  shown  in  Fig.  189.  In  this 
case  the  piles  are  driven  at  an  angle  of  about  400  from  the 
vertical  on  each  side  of  a  square  frame.  The  shaft  is  then 
deepened,  another  square  frame  put  in  2  or  3  feet  below  the  first, 
and  another  set  of  slanting  piles  driven  in,  and  so  on  till  the 
solid  ground  is  reached.     This  system  also  is  inapplicable  where 
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Fig.  i8g. — Piling  in  quicksand. 


Fig.  iqo. — Quicksand  sinking  with 
grabber,  i,  pulley  ;  2,  grabber ; 
3,  brick  walling ;  4,  cast-iron 
foot. 


sand  is  very  quick.  Where  the  piling  system  would  not  succeed, 
the  plan  shown  in  Fig.  190  has  sometimes  been  adopted.  In  this 
case  a  brick  wall,  varying,  according  to  circumstances,  from  18 
inches  to  3  feet  in  thickness,  is  built  upon  a  cast-iron  curb 
with  a  sharp  flange  on  the  under  side  forming  a  cutting  edge ;  the 
curb  and  wall  above  form  a  circular  shaft ;  the  wall  is  built  up 
above  the  surface  of  the  ground.  The  interior  is  then  excavated, 
and  the  weight  of  the  wall  forces  the  cutting  edge  into  the 
ground.  The  internal  excavation  is  carried  on  as  deep  as  is 
practicable,  the  weight  of  the  wall  causing  the  cutting  edge  to  be 
several  feet  deeper  than  the  excavation.  As  it  sinks,  the  length  of 
wall  is  increased  by  building  on  the  top.  The  descent  of  this 
circular  brick  wall  is  sometimes  guided  by  wooden  guides  on  the 
surface,  and  sometimes  steadied  by  ropes  and  screws  attached  to 
it.  If  the  cutting  edge  is  a  sufficient  distance  below  the  excava- 
tion, the  sand  may  not  run  in  so  quickly  as  to  stop  the  sinking 
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But  w  order  that  men  may  work  on  the  excavation,  it  is  neces- 
sary to  pump  out  the  water.  This  pumping  causes  the  sand 
to  flow  rapidly,  and  may  make  it  impossible  to  continue  the 
work. 

In  order  that  the  work  may  be  done  without  pumping  the 
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Fig.  191.— Pneumatic  sinking,  showing  section  of  shaft  during  application 
of  hydraulic  ram. 

water,  it  is  necessary  to  send  divers  down  who  can  work  under 
water.     With  the  shaft  full  of  water  the  sand  does  not  run. 

In   sinking    through  sand,  this   method    presents    no    great 
■difficulty  if  the  depth  does  not  exceed  80  feet.     But  if  boulders 
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are  met  with,  and  the  depth  exceeds  80  feet,  considerable  difficulty 

is  sometimes  experienced. 

Fig.  190  shows  a  grabber,  or  mechanical  excavator,  employed 

to  excavate  the   sand  whilst   the  shaft  is  full  of  water.     This 

method  has  been  attempted,  but  with  what  success  the  writer  does 

not  know. 

Another  plan  is  the  pneumatic  system,  which  was  carried  out 

by  the  writer  at  the  Bettisfield  Colliery,  in  North  Wales,  of  which 

the  late  Mr.  J.  T.  Woodhouse  was  the 
(,'-,*   consulting  engineer. 

Fig.  191  shows  a  section  of  a 
shaft  made  of  cast-iron  plates  bolted 
together  by  means  of  internal  flanges, 
the  joints  wedged  to  make  them 
water-tight.  At  the  bottom  of  this 
shaft,  which  was  13  feet  in  diameter, 
was  a  cast-iron  cutting  edge,  shown 
also  in  Fig.  192.  On  to  a  flange  or 
shelf  of  this  cutting  edge  was  built  a 
bell,  reducing  the  diameter  of  the 
shaft  to  6  feet ;  upon  these  were  built 
cast-iron  tubes  6  feet  in  diameter. 
At  the  top  of  this  internal  tube  was 
the  air-lock,  as  shown  in  Figs.  191 
and  193.  This  air-lock  had  two  trap- 
doors— one  opening  downwards  com- 
municating with  the  atmosphere,  and 
the  other  opening  into  the  6-foot 
tube. 

Compressed  air  was  blown  in 
through  the  tap  A  (Fig.  193)  into  the 
6-foot  tube.  The  artificial  pressure 
thus  produced  forced  the  water  in  the 
shaft  out  again,  through  the  sand,"  or 
The  water  being  out,  a  man  could 
It  was  then  closed. 


Fig. 
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-Bell  air-cylinder  and 
tubbing. 


by  the  3-inch  draining-tubes. 

enter  the  air-lock  by  the  trap-door  on  the  top. 

By  opening  a  tap,  he  admitted  air  from  the  6-foot  tube  into  the 

lock.     When  the  pressure  in  the  lock  was  raised  to  that  in  the 

tube,  he  could  then  open  the  side  door  and  leave  the  lock,  when 

he  would  be  lowered  down  to  the  bottom  of  the  shaft  by  the 

windlass  shown  in  Fig.  194.     Materials  could  be  sent  in,  and  sand 

and  other  excavated  stuff  be  sent  out,  through  the  air-lock  without 

reducing  the  pressure  in  the  bell.     Whilst  the  pressure  of  the  air 

forced  the  water  out,  it  also  tended  to  lift  the  bell.     In  order, 

therefore,  that  this  might  descend,  it  was  necessary  to  let  the  air- 
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PLAN 
Fig.    193. — Air-lock. 


pressure  out,  when  the  weight  of  the  cast  iron  would  cause  the 

whole  cylinder  to  descend.     In  order  to  increase  this  weight, 

bricks  were   placed  in   cross-bars  between   the 

6-foot   cylinder    and   the    13 -foot    cylinder,    as   (/ 

shown  in  Fig.  191. 

After  lowering  the  cylinder  say  z  feet,  the 

air-pressure  would  be  blown  in  again,  forcing  the 

water  out  through  one  of  the  pipes  provided,  as 

shown  in  Figs.  191  and  192,  and  the  work  of 

excavation  resumed.     In  passing  through  some 

clay   and  gravel,    the   cylinder   stuck,   and   six 

hydraulic   rams,    capable    each    of   applying   a 

pressure  of  60  tons,  were  applied  to  force  the 

cylinder  down,  as  shown  in  Fig.  191.    The  rams 

pressing  upwards  against  the  large  frame,  it  was 

kept  down  partly  by  the  weight  of  bricks  placed  upon  it,  and 

partly  by  attachment  to  piles,  as  shown   in   Fig.   194.      Upon 

reaching  solid  ground,  a  wedging-curb  was  placed,  and  plates  were 

carried  up  from  the  wedging-curb  to  the  under  side  of  the  shelf- 
plate,  to  which  the  bell 
was  attached.  When 
the  water-tight  joint 
was  thus  completed, 
the  6-foot  cylinders 
and  the  bell  were  re- 
moved, and  a  sound 
and  dry  shaft  was  com- 
pleted. 

The  sinking  of  cy- 
linders by  the  pneu- 
matic process  has  been 
frequently  adopted  for 
bridge  foundations  and 
other  purposes.  In 
such  cases,,  however, 
the  cylinder  is  simply 
taken  down  a  sufficient 
depth,  and  then  filled 
with  concrete.  In  this  case  a  water-tight  joint  had  to  be  made 
with  the  strata  at  a  depth  of  102  feet,  involving  a  pressure  of 
four  atmospheres,  or  45  lbs.  above  the  ordinary  pressure. 

This  operation  is  probably  the  only  one  of  the  kind  yet  per- 
formed in  the  mines  of  this  country. 

In  working  under  pressure,  great  care  has  to  be  taken  to  avoid 
ill  effects  to  the  workmen.     They  must  be  physically  sound,  and 
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Fig.  194. — Surface  arrangement. 
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well-fed.  At  a  pressure  of  say  15  lbs.  they  may  work  four-hour 
shifts;  at  a  pressure  not  exceeding  30  lbs.,  three-hour  shifts;  and, 
exceeding  that  pressure,  two-hour  shifts.  Great  care  must  be 
taken  to  avoid  catching  cold,  especially  in  coming  out  of  the 
air-lock ;  they  must  avoid  the  use  of  intoxicants.  This  is  probably 
the  cheapest  way  of  sinking  through  quicksand  when  it  is  met 
with  near  the  surface. 

Sometimes  a  bed  of  quicksand  is  met  with  unexpectedly  at 


Fig.  195 


Fig.  195. — Poetsch's  system  of  sinking,  i,  freezing-tubes ;  2.  3.  ammonia 
process  ;  4,  return-pipe ;  5,  feed-pipe.  Fig.  195a. — Enlarged  view  of 
freezing-tube. 

a  considerable  depth  below  the  surface,  where  it  is  exceedingly 
difficult  to  use  any  of  the  systems  above  described.  A  very 
ingenious  method  has  been  devised  and  put  in  practice  by  M. 
Poetsch.  His  method  consists  in  freezing  the  water  and  quicksand 
into  a  solid  rock.  Figs.  195, 195a,  and  196  show  the  mode  of  carry- 
ing out  this  system.  This  process  has  been  applied  at  a  number 
of  pits  in  Germany.    The  following  table,  No.  VII.,  is  copied  from 
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a  paper  by  M.  R.  de  Soldenhoff,  printed  in  the  "  Proceedings  of 
the  South  Wales  Institute  of  Engineers,"   vol.  xv.  pt.  ii.,  from 


WHITE  CHALK 


MA^t(irm/otrr  nest). 


Fig.  196. — Poetsch's  system  of  freezing  bore-holes.  Plan  :  black  dots  show 
bore-holes  ;  volume  comprised  within  the  outer  curved  line  to  a  depth  of  135 
feet  7  inches  is-  about  149,030  cubic  feet.  Section  :  the  black  lines  repre- 
sent bore-holes. 

which  it  will  be  seen  that  the  process  has  been  applied  to  beds 
of  quicksand  ioo  feet  in  thickness  : — 


Table  VII. 

Names  of 

pits  where 

-  the  process 

Thick- 
ness of 
strata 

Thick- 
ness of 

Number 
of  days 
occupied 

Form  of  the 

Size  of 

Total 
cost  of 

Cost  per 

quick- 

in freezing 

shaft 

shaft. 

freez- 

yard. 

applied. 

quick- 
sand. 

sand. 

the 
quicksand. 

ing. 

ft.  in. 

ft.    in. 

ft.  in.    ft.  in. 

£ 

£    s.    d. 

Archibald  ... 

106    7 

18    0 

20 

rectangular 

11  4  X  15  6 

1056 

176    2     8 

Centrum    ... 

14  10 

100    0 

57 

rectangular 

66X130 

2000 

60    0    0 

Emiliel.   ... 

29    7 

95     4 

20 

circular 

7  8  dia- 
meter 

2000 

62  19     3 

Emilie  II.  ... 

29    7 

95     4 

30 

elliptical 

7  9X  13  2 

2000 

62  19     3 

Houssa 

196    4 

39    4 

unknown 
yet 

circular 

16  6  dia- 
meter 

1680 

135     2     6l 

1  Practically,  the  thickness  of  the  solidified  body  was  69  feet  instead  of  39  feet, 
and  in  that  case  the  cost  per  yard  would  be  reduced  from  ^135  is.  6d.  to 
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The  Archibald  Pit  was  a  rectangular  shaft  19  feet  6  inches  X 
13  feet,  the  ordinary  strata  being  106  feet  deep,  below  which  was  18 
feet  of  quicksand.    Twenty-three  freezing-tubes  were  sunk  into  the 
quicksand ;  each  tube  was  of  wrought  iron,  8  inches  in  diameter, 
and  when  sunk  to  the  required  depth  was  stopped  up  at  the  bottom 
with  a  plug,  as  shown  at  a.  Fig.  195a.     This  plug  was  composed 
of  several  layers  of  lead,  cement,  and  pitch,  so  as  to  make  the 
bottom  quite  water-tight.     Inside  each  of  these  tubes  was  an 
internal  tube  (b,  Fig.  195a),  connected  with  the  main  cold-water 
tube  {b,  Fig.  195).     The  external  tube  was  connected  with  the 
main  return  tube  (c,  Fig.  195).    When  all  these  twenty-three  tubes 
were  fixed  and  connected,  a  freezing  solution  was  forced  down  the 
tube  b,  and  so  into  all  the  internal  tubes.     This,  escaping  at  the 
bottom,  returned  up  the  larger  tubes  and  back  up  the  main  return 
tube  e  to  the  freezing  apparatus.     In  this  way  the  temperature 
of  the  tubes  was  reduced  to  about  25°  Centigrade  below  freezing, 
the  temperature  of  the  returning  fluid  was  190  Centigrade  below 
freezing,  and  all  the  water  near  was  gradually  frozen,  so  that  in 
about  thirty  days  the  entire  mass  was  frozen.     The  sinking  was 
then  carried  on  as  if  in  rock.     The  solution  that  is  used  is  water 
in  which  chloride  of  calcium  has  been  dissolved,  making  a  strength 
of  400  Baume\     This  solution  freezes  at  a  temperature  of  400 
Centigrade   below  freezing,  or   about   400   below   zero   on   the 
Fahrenheit  scale.     The  freezing  is  produced  by  means  of  the 
Carre",  or  ammonia  process.     It  is  evident  that,  whilst  this  system 
has    been   successfully  employed   in  several   places,  there  may 
be  difficulty  with  it  in  others,  for  the  following  reasons  :   If  the 
water  is  pumped  out  of  the  shaft,  then  the  quicksand  will  rise  up, 
if  it  is  really  quicksand,  and  fill  the  shaft  to  a  considerable  depth ; 
and  if  the  pumping  of  the  water  continues,  and  there  is  a  stream 
of  water,  it  may  take  a  long  time  to  freeze  the  bottom  of  the  pit. 
If,  on  the  other  hand,  the  water  is  not  pumped,  and  the  shaft  is 
allowed  to  get  full  of  water  which  is  stationary,  the  water  in,  the 
shaft  will  impart  heat  to  the  cold  pipe,  and  so  prevent  the  freezing, 
unless  this  cold  pipe  has  been  previously  covered  with  a  non- 
conducting material  to  keep  the  solution  cold. 

In  1892  a  sinking  by  this  process  was  made  at  the  Lens 
Collieries,  in  the  north  of  France,  of  which  a  description  was  given 
in  the  Federated  Institute,  by  Mr.  N.  R.  Griffith.  At  this  place 
(see  Fig.  196)  the  strata  was  soft  and  water-bearing,  not  quick- 
sand, and  it  was  desired  to  freeze  it  to  a  depth  of  137  feet  below 
the  surface.  The  shaft  was  sunk  in  the  ordinary  way  to  a  depth 
of  82  feet,  when  the  water  overpowered  the  pumps.  Freezing- 
tubes  were  then  put  down  in  bore-holes,  in  the  shaft-bottom,  to 
the  desired  depth  ;  freezing-tubes  were  also  placed  in.  bore-holea 
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round  the  shaft.  These  holes  were  lined  with  sheet-iron  casing 
^  inch  thick.  At  the  top  they  were  14  inches  in  diameter, 
decreasing  to  io^-  inches  in  diameter,  and  finally  to  8  inches  in 
diameter  at  the  bottom.  The  freezing-tubes  placed  in  the  bore- 
holes were  flush-jointed,  wrought-iron  tubes,  4^  inches  in  diameter, 
closed  at  the  bottom  ;  and  inside  each  of  these  tubes  was  another 
wrought-iron  tube  1^  inch  in  diameter,  with  two  slotted  open- 
ings opposite  to  each  other,  at  the  bottom.  The  number  of  bore- 
holes in  the  shaft  was  eight,  and  those  outside  twenty  in  number, 
all  the  bore-holes  being  within  a  circle  of  about  35  feet  diameter ; 
but  the  freezing  effect  was  supposed  to  extend  3  feet  further  on 
each  side,  making  a  total  diameter  of  about  4r  feet.  In  this  case 
the  water  in  the  shaft  stood  level  full  during  the  operation  of 
freezing.  The  temperature  of  the  freezing  fluid,  which  was  a 
20  per  cent,  solution  of  chloride  of  calcium,  was  12°  Centigrade 
below  freezing  as  it  left  the  cooling  cistern,  and  90  on  its  return, 
so  that  the  temperature  at  the  bottom  of  the  bore-holes  would 
probably  be  about  1 1°  Centigrade  below  freezing.  The  freezing 
operation  at  this  place  was  calculated  to  take  120  days. 

One  of  the  difficulties  in  the  use  of  this  system  is  the  main- 
tenance of  perfectly  water-tight  tubes  and  joints,  because  an  escape 
of  the  freezing  solution  permeates 
the  ground  with  an  uncongealable 
solution.  To  get  over  this  difficulty, 
M.  Gobert  has  designed  a  modifi- 
cation of  the  process,  which  consists 
in  sending  the  liquid  ammonia  itself 
down  the  internal  tube,  which  would 
evaporize  whilst  in  the  tubes  and 
produce  the  required  cold,  say  30° 
Centigrade  below  freezing.  The 
greater  cold  produced  by  this  pro 
cess  would  lead  to  a  saving  of  time. 
The  ammonia  after  leaving  the 
tubes  is  compressed  and  cooled  in  js 
the  ordinary  manner. 

Deepening  of  Shafts. — It  fre- 
quently happens  that  it  is  desirable 
to  deepen  the  shaft  whilst  it  is  being 
worked  in  an  upper  seam.  One 
method  of  doing  this  was  adopted 
at  the  Lieven  Colliery,  in  the  north 
of  France.     In  this  case  two  holes 

were  bored  through  the  shaft-bottom,  and  a  tube  fitted  into  each, 
as  shown  in  Fig.  197.     The  larger  of  these  holes  has  a  sufficient 


Fig.  197. — Lisbet's  system  of  deepening  a 
working  shaft.  I,  tube  through  which 
bowk  can  pass  ;  2,  sinking-bowk ;  3, 
brattice  dividing  shaft ;  4,  cages  ;  5, 
ventilating  tube,  vide  plan ;  6,  concrete 
round  both  tubes ;  7,  sinking  opera- 
tions. 
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diameter  ipr  the  sinking  hoppet,  the  smaller  for  ventilation. 
Workmen  sent  down  the  larger  tube  enlarge  the  hole  to  the 
dimensions  of  the  shaft  exactly  under  the  shaft  above.  The 
sinking  then  proceeds  without  interruption  to  the  working  shaft, 
above  which  it  is  bratticed  so  as  to  separate  the  sinking  hoppet 

from  the  cages;  at  the 
same  time,  the  water 
from  the  shaft  above 
cannot  get  into  the  sink- 
ing below. 

Another  method  is 
shown  in  Fig.  198.  In 
this  case  an  inclined 
road  is  driven  from  the 
workings  to  a  chamber 
made  under  the  sump 
of  the  working  shaft.  In 
this  chamber  is  erected 
an  engine  which  may 
be  conveniently  driven 
by  compressed  air, 
though  steam,  electri- 
city, or  water  might  be 
used.  By  very  careful 
surveying,  or  perhaps 
by  bore-holes,  the  ex- 
tension of  the  shaft  is 
set  out  exactly  in  the  right  place,  and  the  sinking  then  proceeds 
as  if  from  the  surface. 

Kind-Chaudron. — It  frequently  happens  in  coal-mines  that 
the  upper  strata  are  heavily  charged  with  water,  whilst  the  lower 

strata,  in  which   the 
coal    exists,  are    en- 


tirely protected  from 
water  by  impermeable 
beds  of  shale.  To 
take  an  extreme  in- 
stance, at  the  Mars- 
den  Colliery,  near 
Monkwearmouth,  the 
pits  were  sunk  through 
the  magnesian  lime- 
stone of  the  Permian 
The  shafts  were  not  far  from  the  sea  and 
being  full  of  joints, 


Fig.  198. — Method  of  deepening  working  shaft. 

levels  communicate  with  lower  workings  by  means 
of  incline. 


Fig.  199. — Limestone  over  coal  measures  (MarsdenJ. 

formation  (see  Fig.  199) 

the  limestone  extended  under  the  sea,  and 
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permitted  the  free  access  of  sea- water.  It  was  impossible  to  sink 
the  shaft,  though  it  was  nearly  filled  with  large  pumps.  In  some 
mining  districts,  as,  for  instance,  in  the  north  of  France  and  West- 
phalia, the  coal-fields  are  overlaid  with  chalk  (see  Fig.  200), 
containing  a  very  large  supply  of  water,  the  coal  measures  below 
being  perfectly  dry.  Therefore,  whilst  on  the  one  hand  enormous 
pumping  machinery  would  be  required  to  sink  through  the  chalk 
in  the  ordinary  way,  when  once  the  shafts  were  finished  and 
properly  tubbed  no  pumping  at  all  would  be  required.  To  meet 
this  contingency,  Herr  Kind,  a  well-known  German  engineer, 
and  M.  Chaudron,  a  well-known  Belgian  engineer,  succeeded,  in 
the  year  1854,  in  devising  a  successful  mode  of  sinking  shafts 
through  water-bearing  strata,  and  of  putting  in  water-tight  tubbing 
down  to  the  dry  ground,  without  doing  any  pumping  at  all.  The 
manner  of  doing  this  is  as  follows :  The  shaft  is  bored,  as  if  it 


Fig.  200. — Chalk  over  coal  measure  (Westphalia). 

were  a  bore-hole,  by  chisels  fastened  lo  boring-rods  driven  by  a 
steam-engine  in  the  manner  already  described  for  smaller  borings. 
The  arrangement  of  machinery  on  the  top,  though  considerably 
modified,  is  somewhat  similar  to  that  shown  in  Fig.  77 — one 
steam-engine  working  the  boring-beam  up  and  down,  and  another 
steam-engine  winding  the  sludge-tank,  or  cleanser.  It  has  been 
the  usual  plan  to  make  the  shaft  by  first  boring  a  hole  of  small 
diameter,  say  5  feet,  and  then  enlarging  it  to  the  full  diameter 
of  say  16  feet.  The  boring-tool  is  called  a  trepan;  that  for  the 
5-foot  hole  is  shown  in  Fig.  201,  and  weighs  about  8  tons.  It 
is  made  of  forged  iron,1  and  steel  teeth  are  fitted  in.  The  engine 
working  the  boring-beam  has  a  cylinder  about  40  inches  in  diameter, 
and  40  inches  stroke,  and  makes  say  from  eight  to  twenty  strokes 
a  minute.  After  working  some  time,  it  is  necessary  to  send  down 
a  sludger,  the  same  as  in  boring  small  holes.  This  is  shown  in 
Fig.  202.  It  is  lowered  down  by  a  rope  instead  of  rods.  To 
enlarge  the  hole,  a  bigger  trepan  is  used  (see  Fig.  203),  weigh- 
ing 16  tons.      The  debris  from  this  large  trepan  falls  into  the 

1  Messrs.  Krupp  now  make  the  trepan  of  cast  steel,  which  they  say  is 
much  stronger,  thus  permitting  a  greater  drop,  and  faster  work. 
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centre  hole  bored  in  advance,  from  which  it  is  fetched  up  by 
the  sludger.  There  is,  however,  a  tendency  for  the  dirt  to  con- 
solidate. To  avoid  this  difficulty,  the  hole  is  sometimes  bored  in 
three  sizes  (see  Fig.  204) — the  first  hole  say  4  feet  in  diameter, 
the  second  hole  5  feet  in  diameter,  and  the  third  the  full  size  of  the 
shaft.  At  the  ledge  formed  at  the  bottom  of  the  5-foot  bore-hole, 
a  large  iron  tank  is  suspended  into  which  the  debris  from  the 
larger  trepan  falls.  By  sending  down  a  hook  the  iron  tank  can 
be  lifted  and  the  debris  drawn  up.  M.  Lippmann  has  preferred 
to  bore  the  hole  from  the  beginning  with  one  large  trepan  of 
forged  iron  with  steel  teeth  (see  Fig.  205),  weighing  22  tons  for 
an  excavation  14  feet  2  inches  in  diameter.     This  trepan  has  one 


Fig.  201. — Small  drill  or 
cutting-tool. 


Fig.  202. — Sludger  : 
Kind  -  Cliaudron 
process. 


Fig.  203 — Large  drill  or  cut- 
ting-tool. 


row  of  chisels  on  each  side  of  the  centre  near  the  middle  of  the 
pit,  and  two  rows  on  each  side  near  the  circumference,  which  cut 
the  ground  into  angular  fragments.  The  boring  is  continued 
until  the  sound  and  dry  strata  are  met  with.  The  shaft  being 
full  of  water,  the  sides  stand  firm  without  lining.  In  some  cases 
a  depth  of  over  200  yards  has  been  reached  by  this  process. 
The  tubbing  of  the  shaft  is  effected  by  means  of  iron  rings  or 
tubes  cast  in  one  piece  about  5  feet  in  depth ;  the  diameter  is  that 
of  the  shaft,  with  internal  flanges.  As  these  rings  are  too  large 
for  railway  transport,  a  foundry  has  to  be  erected  at  the  colliery. 
The  joints  are  turned  on  a  lathe.  A  thin  strip  of  sheet  lead  is 
afterwards  placed  between  the  flanges,  which  are  tightly  bolted 
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together,  and  the  joints  made  water-tight  by  a  caulking-chisel.  As 
the  tubbing  is  lowered  down  the  shaft,  fresh  rings  are  bolted  on  at 
the  top,  until  the  whole  length  of  say  200  yards  is  lowered  to  the 
bottom.  As  this  length  of  tubbing,  the  lower  rings  of  which  are 
very  thick,  has  an  enormous  weight,  say  800  tons  or  more,  no 
ordinary  tackle  would  suffice  to  sustain  the  load.  The  weight  has, 
therefore,  to  be  borne  by  the  water  in  the  shaft,  and  a  concave 
iron  bottom  is  put  near  the  bottom  of  the  tubbing,  as  shown  at  a 
in  Fig.  206.  A  tube  rises  up  in  the  centre  of 
the  tubbing,  through  which  rods  can  be  passed. 
The  interior  being  free  from  water,  the  tub- 
bing floats,  and  the  descent  can  be  regulated 
to  some  extent  by  screws  and  chains.  Before 
the  tubbing  is  lowered  into  the  shaft,  a  bed 
has  been  carefully  levelled  as  shown  at  c,  on 


Fig.  204. — Three  sizes  of 
boring-holei 


Fig.  205. — Lippmann's 
boring-tool. 


Fig.  206. — Mode  of  tubbing 
the  Dahlbusch  pit,  West- 
phalia. 


to  which  the  tubbing  is  to  be  lowered.  At  the  bottom  of  the  tubbing 
is  the  most  ingenious  invention  of  M.  Chaudron,  called  a  moss- 
box,  by  which  a  water-tight  joint  is  made  with  the  strata  at  the 
bed  c.  The  moss-box  is  made  by  forming  the  bottom  ring  of 
tubbing  (d,  Fig.  206)  of  smaller  diameter,  so  as  to  slide  inside  the 
second  ring ;  this  second  ring  has  the  bottom  flange  external  and 
not  internal.  The  bottom  sliding  ring  has  its  top  flange  internal, 
so  that  it  may  be  suspended  by  bolts  e  e,  and  its  bottom  flange 
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external.  Between  this  flange  and  the  bottom  flange  of  the 
second  ring  is  packed  some  dried  moss,  as  shown  at  /,  which  is 
kept  in  its  place  whilst  being  lowered  down  the  shaft  by  a  covering 
of  network.  On  arriving  at  the  bottom,  the  whole  weight  of  the 
tubbing  above  the  moss-box  has  to  be  supported  either  by  the 
water  under  the  plate  a,  or  by  the  moss  /.  If  the  shaft  above 
and  inside  the  tubbing  is  now  filled  with  water,  the  whole  weight 
of  the  tubbing  comes  upon  the  moss,  compressing  it  and  forcing 
it  against  the  sides  of  the  strata  with  such  effect  that  a  water-tight 
joint  is  made.  In  order  to  make  the  shaft  still  more  secure 
against  water,  the  space  between  the  tubbing  and  the  shaft-side 
above  the  moss-box  is  now  filled  in  with  mortar  made  of  sand 
and  cement,  which  is  lowered  to  the  bottom  either  in  narrow  boxes 
or  in  pipes ;  the  whole  of  this  space  is  thus  filled  up  to  the  top. 

In  Fig.  206  is  shown  a  forked  tool,  g,  which  has  been  sent 
down  to  scrape  clean  the  bed  c,  before  lowering  the  moss-box 
on  to  it.  Having  thus  put  in  all  the  tubbing,  the  water  can  be 
drawn  out  of  the  shaft  in  barrels,  and  the  internal  tube  b  and  the 
false  bottom  a  removed ;  workmen  can  now  go  down  and  sink 
the  shaft  deeper.  The  use  of  explosives  is  now  avoided,  and  the 
sinking  is  conducted  with  the  utmost  circumspection  to  avoid 
inrushes  of  water.  After  sinking  say  6  to  10  feet  further,  an 
ordinary  wedging-curb  is  put  in,  and  the  tubbing  carried  up  to  the 
moss-box;  a  little  lower  down  another  wedging-curb  may  be 
placed,  and  the  tubbing  brought  up  to  the  curb  above. 
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Fig.  207. — Section  showing  bottom  of 
shafts.  1,  downcast  ;  2,  upcast ;  3, 
pumping-shaft ;  4,  horse-level ;  5, 
air-level ;  6,  water-level ;  7,  sumps  ; 
8,  furnace  ;  9,  furnace-drifts. 


OPENING   OUT;       OR,  FIRST   OPERATIONS    IN   THE   MINERAL. 

The  shafts  must  (by  law)  have  not  less  than  15  yards  of  natural 
strata  between  them  (this  is  sometimes  increased  to  as  much  as 
70  yards),  and  may  be  arranged  as 
shown  in  Fig.  207. 

The  levels  are  driven  either  in 
the  stone  or  in  the  coal,  as  the  case 
may  be. 

In  the  case  of  a  large  colliery,  the 
roadways  immediately  adjoining  the 
winding-shaft  will  be  very  busy 
places,  and  it  is  necessary  that  they 
should  be  large  and  well  protected. 
In  many  cases  the  levels  adjoining 
the  winding-shaft  are  arched  like 
railway  tunnels,  the  width  varying  from  15  to  25  feet,  according 
to  circumstances.  The  place  adjoining  the  shaft  is  called  the 
"  porch."  When  the  porch  is  arched,  it  is  designed  in  one  of  the 
three  ways  shown  in  Fig.  208. 

In  Fig.  208  a,  a,  a,  a,  the  arch  is  carried  all  round  ;  the 
bottom  part  is  called  the  "  invert,"  the  parts  next  above  are  called 
"  side  walls,"  and  the  top  is  the  "  arch."  If  the  floor  is  sandstone, 
or  any  kind  of  stratum  not  easily  softened  by  water,  it  is  not 
necessary  to  have  an  invert.  The  side  walls  are  curved,  the  better 
to  resist  the  side  pressure  of  the  ground.  The  radius  of  the  curve 
of  the  side  walls  is  larger  than  the  radius  of  the  arch.  The 
junction  of  the  two  curves  must  be  imperceptible.  To  achieve 
this,  the  centre  from  which  the  curve  of  the  side  walls  is  struck 
must  be  on  a  straight  line  drawn  from  the  bottom  of  the  "arch" 
through  the  centre  from  which  the  curve  of  the  "  arch  "  has  been 
struck,  as  shown  in  the  figure.  Where  there  is  no  invert,  the 
side  walls  are  generally  built  perpendicularly  to  a  height  of  about 
6  feet,  from  which  the  arch  springs  (see  Fig.  208,  b).  The  length 
of  the  porch  may  vary  from  2  or  3  yards  to  100  yards;  it  is 
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generally  higher  adjoining  the  shaft  (see  Fig.  208,  c).  This  extra 
height  is  convenient  in  the  case  of  lowering  long  bars  of  timber 
or  iron.  It  also  facilitates  the  ventilation,  for  the  two  following 
reasons:  Immediately  over  the  workman  called  "hanger-on" 
at  the  pit-bottom  is  a  wooden  or  iron  roof,  which  serves  as  a 
shield  to  protect  him  from  falling  stone  or  coal,  etc.,  and  the  air- 
passage  should  be  above  this  shield ;  the  hanger-on  will  thus  be 
to  some  extent  protected  from  the  strength  of  the  air-current  and 
the  dust  carried  with  it.  The  air-current  is  less  impeded  by  a 
sudden  change  of  direction  than  would  be.  the  case  with  a  low 
porch.  There  are  also  other  reasons  why  a  high  porch  is  con- 
venient ;  for  instance,  it  gives  space  for  pulley-wheels,  steam- 
engines,  and  other  machinery.  In  many  cases  the  porch  is  not 
arched,  but  the  roof  is  supported  by  wooden  bars ;  and,  in  some 


Fig.  208. — Cross-sections  of  arching. 

cases,  bars  of  iron,  and  more  recently  bars  of  steel,  have  been 
used.  Occasionally  it  happens  that  no  artificial  support  is  re- 
quired, a  seam  of  coal,  shale,  or  rock  being  sufficiently  firm  and 
unjointed  to  stand  without  support. 

In  considering  the  strength  or  thickness  of  the  arch,  the  fol- 
lowing simple  facts  must  be  borne  in  mind  :  The  weight  of  coal- 
measure  strata  may  be  roughly  averaged  at  about  1  ton  per  14  or 
15  cubic  feet,  more  or  less.  Taking  this  as  the  weight,  it  will  be 
seen  that  1  cubic  foot  weighs  between  140  and  160  lbs.  A  square 
foot  has  144  square  inches;  and  if  we  suppose  that  a  cubic  foot 
is  made  up  of  T44  prisms,  or  pieces  of  stone,  1  foot  long  and  1 
inch  square  at  each  end,  and  further  assume  that  each  of  these 
pieces  weighs  1  lb.,  we  should  have  the  weight  of  a  cubic  foot 
equal  to  144  lbs.     This  is  a  very  convenient  figure  for  the  pur- 
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poses  of  calculation,  and  for  that  reason  is  frequently  adopted ; 
and,  though  it  may  not  be  strictly  accurate,  it  is  sufficiently  near 
for  the  present  purpose.  If  a  piece  of  stone,  1  inch  square  and  1 
foot  high,  weighs  1  lb.,  a  piece  of  the  same  section,  and  2  feet  high, 
would  weigh  2  lbs.;  a  piece  10  feet  high  will  weigh  10  lbs.,  and 
1000  feet  high,  1000  lbs.  Thus  a  column,  1  inch  square  at  the 
base  and  1000  feet  high,  weighs  1000  lbs.,  and  presses  with  that 
weight  on  the  ground  below;  and  a  column,  with  a  base  of  1 
square  foot,  and  1000  feet  high,  would  weigh  144,000  lbs.,  and 
so  on.  It  follows  that,  at  a  depth  of  1000  feet,  the  overlying 
rocks  have  a  weight  or  pressure  of  1000  lbs.  upon  every  square 
inch  below,  and,  at  a  depth  of  2000  feet,  of  2000  lbs.,  and  so 
on.  If,  therefore,  an  arch  at  a  depth  of  1000  feet  had  to  sustain 
the  weight  of  the  ground  immediately  over  it,  right  up  to  the 
surface,  it  would  probably  be  immediately  crushed,  as  the  follow- 
ing calculation  will  show.  The  width  inside  the  arch  is,  say  20 
feet,  the  side  walls  and  arch,  say  3  feet  thick ;  total  width,  26  feet, 
or  312  inches,  therefore  the  total  pressure  upon  every  inch  in 
length  of  the  porch  is  312,000  lbs.,  and  this  has  to  be  borne 
by  the  two  walls,  each  36  inches.  Dividing  the  312,000  lbs.  by 
72,  the  pressure  is  found  to  be  4333  lbs.  on  every  square 
inch  of  the  brickwork.  It  is  doubtful  if  any  brickwork  will  sus- 
tain this  pressure,  which  is  twice  the  crushing  pressure  of  common 
bricks,  and  equal  to  that  of  the  best  bricks,  whilst  many  bricks 
will  crush  with  one  quarter  of  this  pressure ;  but  brickwork  will 
not  stand  such  a  heavy  pressure  per  square  inch  as  single  bricks. 

It  is,  however,  a  well-known  fact  that  a  great  many  porches 
remain  uncrushed  for  a  generation,  and  sometimes  at  a  depth 
greatly  exceeding  1000  feet.  It  follows,  therefore,  that  the  weight 
of  the  overlying  rocks  does  not  rest  upon  the  arch  ;  in  fact,  it  is 
only  a  comparatively  small  wedge  of  ground  (see  n  Fig.  208,  b) 
that  is  sustained  by  the  arch.  The  arch,  in  fact,  serves  to  keep 
every  piece  of  rock  tight  and  in  its  place. 

It  is,  however,  also  a  common  experience  that  arches  at  a 
depth  of  1000  feet  are  crushed,  and  this  in  cases  where  the  brick- 
work is  excellent,  and  has  been  designed  and  completed  in  a 
manner  entirely  first-class.  Where  this  has  happened,  it  is  because 
the  natural  strata  on  each  side  of  the  arch  are  not  strong  enough 
to  stand  the  weight  above  them  without  crushing  or  yielding ;  the 
pillars  have  therefore  subsided,  leaving  the  hard  and  incompres- 
sible brickwork  to  sustain  the  entire  weight  of  the  ground  above 
it,  for  which  task  it  is  unfitted. 

Construction  of  the  Arch. — For  the  purpose  of  an  under- 
ground arch,  the  hardest  bricks  are  the  best ;  sometimes  fire-bricks 
are  used  to  give  the  requisite  strength,  but  generally  well-burnt 
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red  bricks  are  used.  The  mortar  is  usually  made  of  lime  mixed 
with  clean,  sharp  sand,  or  else  with  engine  ashes,  which  often 
make  a  very  good  substitute  for  sand ;  sand  mixed  with  earth 
or  clay  is  not  good  for  the  purpose.  Where  there  is  much  water, 
hydraulic  lime  is  used.  This  lime  is  generally  made  from  lime- 
stone of  a  particular  kind,  such  as  the  blue  Lias  limestone,  found 
at  Barrow-on-Soar  and  in  the  district,  also  near  Rugby;  there 
is  a  hydraulic  limestone  found  in  some  parts  of  Flintshire,  near 
Holywell.  Some  of  the  magnesian  limestone  formation  (Sutton) 
gives  a  hydraulic  lime.  The  peculiar  property  of  hydraulic  lime 
is  that  it  will  set  when  wet,  or  even  in  water,  and  is  not  dissolved 
by  the  action  of  water.  Instead  of  hydraulic  lime,  Portland  or 
Roman  cement  is  often  used.  In  the  neighbourhood  of  Bagillt, 
in  Flintshire,  a  kind  of  limestone  is  quarried,  which,  when  burnt 
and  ground,  makes  a  capital  Roman  cement.  Roman  cement  is 
a  quick-setting  cement,  setting  in  a  few  minutes ;  Portland  cement 
is  a  comparatively  slow-setting  cement ;  the  rapidity  with  which 
it  sets  can  be  regulated  by  the  manufacturer,  so  that  it  may  set 
either  in  half  an  hour  or  in  a  day  or  two,  when  used  in  building. 

As  the  side  walls  are  built  up,  all  spaces  between  the  wall  and 
the  natural  ground  are  rilled  up  with  small  stones  and  dirt  or 
sand ;  and  over  the  top  of  the  arch  the  space  is  carefully  rammed 
with  small  shale  or  with  sand.  The  object  of  the  careful  ram- 
ming is  to  ensure  uniformity  of  pressure  all  over  the  arch,  so  that 
it  may  keep  its  shape.  Where  ordinary  brickwork  will  not  stand 
without  crushing,  wooden  bricks,  or  blocks,  with  open  spaces 
alternating  with  each  block,  are  substituted  in  layers  of  say 
1  foot  high,  and  at  intervals  of  2  or  3  feet;  so  that,  if  the 
natural  strata  should  sink,  the  crown  of  the  arch  may  also  sink 
to  a  corresponding  extent  by  the  crushing  of  the  wood.  And  it 
is  said  that  success  has  attended  this  device.  In  some  cases 
the  arch  is  entirely  made  of  timber  blocks.  In  mines  where, 
owing  to  the  great  depth,  or  the  softness  of  some  strata,  arching 
will  not  resist  the  pressure,  it  is  advisable  to  have  as  little  as 
possible,  if  any.  Timber  or  steel  bars,  supported  on  props,  can 
be  more  easily  and  cheaply  replaced  when,  owing  to  the  pressure 
of  the  roof  and  sides,  they  have  been  pressed  out  of  shape  and 
position.  It  must  be  borne  in  mind  that  the  function  of  all 
arching,  propping,  and  barring  is  not  to  sustain  the  weight  of  the 
great  mass  of  ground,  but  simply  to  keep  small  pieces  of  the 
roof  from  falling  down,  and  so  loosening  larger  pieces  above. 
If  the  whole  of  the  surface  of  the  roof  of  a  road  or  heading  be 
supported  by  bars,  over  which  are  laid  poles  or  planks,  no  pieces 
of  ground  can  fall  out. 

The  porches  having  been  constructed,  the  levels  are  driven 
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forward.  Experience  alone  can  show  whether  props  and  bars  are 
necessary.  The  timbering  of  mines  is  dealt  with  in  another  chapter. 
By  whatever  system  a  coal-mine  is  worked,  it  is  the  general 
rule — to  which  there  are  but  very  few  exceptions — to  leave  a  pillar 
of  coal  or  other  mineral  near  the  shaft  to  protect  it  and  the  engine- 
houses  and  the  machinery  on  the  pit-bank  from  being  injured  by 
the  falling  down  of  the  surface.  The  size  of  this  pillar  is  not  fixed 
by  any  invariable  rule,  but  by  the  practice  of  the  district.  From 
measuring  the  pillars  at  many  collieries  in  Great  Britain,  it  would 
seem  that  the  radius  of  a  circle  representing  the  area  of  the  shaft- 
pillar  should  be  about  one-third  of  the  depth  of  the  shaft ;  that 
is  to  say,  if  the  shaft  were  300  yards  deep,  no  coal  should  be 
got  within  100  yards  of  the  shaft  on  either  side,  or  the  pillar 
should  be  200  yards  in  diameter.     The  pillar  is  generally  set  out 
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Fig.  209. — Shaft-pillar. 

square,  so  that  it  should  be  200  yards  square.  In  the  opinion  of 
some  mining  engineers,  this  pillar  is  too  small ;  according  to  the 
practice  of  others,  it  is,  perhaps,  larger  than  necessary.  But  if 
it  is  desired  to  maintain  the  shafts  and  buildings  intact,  without 
risk,  it  is  certainly  advisable  not  to  make  the  pillar  any  smaller 
than  that  given  in  the  rule.  It  is  obvious,  however,  that  with 
engine-houses  and  other  buildings  at  some  distance  from  the 
shaft,  the  shaft-pillars  above  set  out  will  not  be  sufficient  for  their 
protection,  and  for  absolute  security  it  will  be  necessary  to 
increase  the  width  of  the  pillar.  If  these  buildings  reach  a  dis- 
tance of  70  yards  from  the  shaft,  which  is,  say,  600  yards  deep, 
it  would  be  necessary  to  have  the  pillar  on  that  side  of  the  shaft 
extending  to  a  distance  of  200  +  70  =  270  yards  from  the  shaft 
(see  Fiff.  200}.    Unless  a  sufficient  pillar  is  left,  it  would  be  better 
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to  leave  none  at  all,  excavating  the  mineral,  and  filling  the  pl^ce 
completely  with  packs,  so  as  to  let  all  the  strata  above  subside 
evenly. 

In  order  to  open  out,  the  mine  headings  have  to  be  driven 
through  the  shaft-pillar,  and  sometimes  beyond,  to  open  out  the 
working  places.  Machinery  has  lately  been  introduced  to  facili- 
tate the  cutting  of  headings  in  coal.  Stanley's  coal-heading 
machine,  referred  to  in  another  chapter,  has  been  used  for  rapidly 
opening  out  a  colliery.  With  the  aid  of  these  machines  a  heading 
can  be  advanced  at  the  rate  of  50  yards  a  week  in  hard  coal, 
the  machine  making  a  heading  5  ieet  4  inches  in  diameter,  which 
is  afterwards  widened  by  ordinary  mining  operations  (see  Fig. 
210),  two  sets  of  men  being  employed  in  the  widening  opera- 
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Fig.  210. — Heads  driven  by  Stanley's  heading-machine. 

tion,  to  keep  pace  with  the  machine.  Great  care  is  required  in 
the  use  of  these  machines  in  fiery  seams,  because  the  ventilation 
of  the  heading  depends  on  the  compressed  air  by  which  they  are 
driven,  and  is  therefore  intermittent.  This  might  lead  to  accu- 
mulations of  gas,  unless  precautions  are  taken. 

In  metalliferous  mines,  the  opening  out  of  a  vein  takes  place 
at  numerous  openings  from  the  shaft,  say  every  20  yards.  The 
arrangements,  therefore,  at  each  landing  are  very  simple,  and  the 
observations  as  to  porches  do  not  apply  except  in  the  case  of 
very  large  mines  having  a  vertical  shaft,  to  which  most  of  the 
mineral  is  brought  to  be  raised  to  the  surface. 
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CHAPTER  VII. 

METHODS   OF   WORKING:    COAL,    IRON,   TIN,    LEAD,    COPPER,    GOLD, 
SALT,    SLATE;    SPONTANEOUS    COMBUSTION. 

One  method  of  working  is  quarrying,  or  open  holes  (see  Fig.  211). 
Here  a  hole,  or  wide  trench,  is  dug  down  to  the  seam  to  be 
wrought,  which  is  then  excavated  and  thrown  into  waggons,  the 
strata  above  being  thrown  in  a  heap  behind  as  the  work  advance?, 
as  shown  in  the  figure.  The  soil  is  first  of  all  removed,  and  is 
subsequently  relaid  on  the  waste-heap,  so  that  the  ground  which  has 
been  mined  can  be  restored  to  a  state  fit  for  agricultural  purposes. 
This  method  of  mining  has  been  largely  employed  in  most  of  the 
coal-fields  of  Great  Britain,  for  seams  of  coal  and  ironstone  where 
they  crop  up  to  the  surface,  and  at  depths  not  often  exceeding 


Fig.  2it. — Open  hole. 

30  feet.  At  the  present  date,  it  is  chiefly  practised  for  the 
working  of  ironstone  in  Lincolnshire,  Northamptonshire,  Leicester- 
shire, and  other  counties  where  Oolitic  stone  is  found. 

Fig.  212  is  a  photograph  taken  by  the  writer,  showing  an 
"  open  hole  "  at  Mechernich  (Rhine  province  of  Germany),  where 
lead  ore  has  been  got.  In  this  case  the  whole  of  the  ground 
excavated,  from  a  few  feet  below  the  surface  down  to  the  bottom, 
contains  ore.  It  is  a  rock  of  the  New  Red  Sandstone  formation, 
and  the  lead  ore  (galena)  is  distributed  in  specks,  varying  in  size 
from  a  small  pin's  head  up  to  a  pea,  and  in  some  cases  larger. 
The  excavation  shown  in  the  plate  is  between  300  and  400  feet 
in  depth,  and  1000  feet  in  length.  There  have  been  also,  in  Great 
Britain,  huge  "  open  holes  "  for  the  excavation  of  copper  ore,  as, 
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for  instance,  at  the  celebrated  Parry's  and  Mona  mines  in 
Anglesea ;  also  for  the  excavation  of  haematite,  as  in  the  Ulverston 
district,  and  in  Glamorganshire,  as  at  the  Mwyndy  and  other 
mines.      Large   anthracite   open    mines    have   been   worked  in 


Fig.  212. — Open  hole  at  Mechernich. 

Pennsylvania.  In  fact,  this  method  of  working  is  pursued  wherever 
mineral  is  found  at  a  small  depth  below  the  surface,  because  it 
is  the  cheapest. 

Bell  Pits. — An  ancient  method  of  working,  practised  within 


Fig.  213. — Bell  pits.    Ancient  method  or  getting  coal  and  ironstone, 
practised  at  the  present  time  in  some  places. 

the  writer's  recollection,  is  by  bell  pits  (see  Fig.  213).     A  small 
pit,  sometimes  only  4  feet  in  diameter,  was  sunk,  and  belled  or 
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widened  out  at  the  bottom  to  just  such  a  diameter  as  might  seem 
safe,  having  in  view  the  risk  of  the  undermined  ground  falling  on 
the  workmen.  Several  rows  of  ancient  bell  pits,  sunk  side  by  side 
along  the  outcrop  of  some  seams  of  coal  and  ironstone,  may  be 
followed  for  miles  in  some  coal-fields.  It  is  evident  that  this 
method  of  working  is  only  suitable  for  very  shallow  mines. 

Pillar-and-Stall.  —  This    is    the    most  general  system   of 
working  mines,  whether  coal,  iron,  clay,  stone,  slate,  salt,  gold, 

►  PilXAHjA 


i 


SOLID      COAL 

33L 

\^JUUuL/UuuoaaaaL 
□  uoaaoaauaaaaaL 

d  uannauonaaac  ~ 

^  acDUcjaaaaaaaaacDSD, 
I  cnacjnacjaaanaacjcjL // 


< 

o 
u 
o 
Zj 
O 
w 


^-^mAZJCicjauizjcDaaaaanicjLj/ 


oaannzicjcjciooacjcjniaLji— 


HEED 


DDDDD 


Fig.  214. — Plan  of  a  pillar-and-stall  coal-mine. 

•silver,  or  other  mineral,  although  it  goes  by  various  names.  When 
applied  to  coal-mines  it  has  many  aliases,  such  as  stoop-and-room 
in  Scotland,  post-and-bank,  etc.  Figs.  214  and  2T5  show  plans  of 
pillar-and-stall  mines.  The  stall  is  the  place  from  which  the  coal 
or  other  mineral  is  excavated  in  the  first  instance ;  and  the  pillar, 
as  its  name  implies,  is  the  pillar 
of  coal  or  other  mineral  which 
is  left  to  support  the  superin- 
cumbent strata. 

The  workmen  cut  the  whole 
of  the  seam  of  coal  into  pillars 
and  stalls.  The  width  of  the 
stalls  depends  upon  the  strength 
of  the  roof  and  other  conditions; 
for  instance,  if  the  shale  above 
the  coal  will  make  a  sound  roof  to  the  stall— if  it  is  6  feet  wide, 
and  would  fall  down  if  it  were  8  feet  wide— that  would  be  a  good 
reason  for  having  the  stall  only  6  feet  wide.  On  the  other  hand, 
it  is  often  more  expensive  to  get  the  coal  in  a  narrow  stall  than 
in  a  wide  one,  because  each  side  of  the  stall  (see  Fig.  216)  may 
have  to  be  cut,  either  with  the  pick-axe  or  by  the  action  of  an 
explosive ;  and  this  cutting,  when  done,  would  suffice  for  a  stall 
either  2  yards  or  20  yards  in  width.  In  coal-mines  the  stalls 
are  usually  from  4  to  6   yards  wide,  and   the  roof,  unless  very 
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Fig.  215. — Stoops  (18  yards  X  12  yards)  and 
rooms  (4  yards  wide). 
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Fig.  216. — View  of  stall. 


strong,  is  supported  by  props,  and  sometimes  by  packs  of  dirt 
(see  Fig.  217).  The  width  of  the  intervening  pillars  also  depends 
on  a  variety  of  circumstances.    Thus  if  the  pillar  is  very  hard  and 

_       -  =■  =-_•_—  -  ~ .  _  strong,   it  will    carry  a 


heavier  load  than  if  it 
is  soft,  and  therefore  a 
narrow  pillar  will  suffice. 
The  pillars  are  some- 
times left  only  half  a 
yard  in  width  between 
stalls  4  or  5  yards  wide ; 
but,  even  if  the  coal 
were  very  strong,  such 
a  narrow  pillar  would 
crush  very  soon  in  a 
mine  exceeding  15  yards  in  depth.  It  is  evident  that  the  deeper 
the  mine,  the  greater  the  weight  the  pillar  has  to  carry,  because, 
the  whole  of  the  mine  being  divided  into  pillars  and  stalls,  there 
is  no  other  support  for  the  overlying  rocks  than  the  pillars  of 

coal;  and  at  a  depth  of 
say  1000  feet,  the  pres- 
sure being  1000  lbs.  per 
square  inch,  that  pressure 
has  to  be  borne  by  every 
square  inch  of  the  upper 
surface  of  the  seam  of 
coal.  If,  therefore,  half 
the  coal  is  cut  away, 
and  the  roof  remains  un- 
broken, the  whole  of  the 
original  weight  has  now 
to  be  borne  by  the  re- 
maining half,  and  therefore  the  pressure  per  square  inch  is 
2000  lbs.  Taking  the  case  of  a  mine  only  100  feet  deep,  the 
original  pressure  per  square  inch  would  be  100  lbs.  If  nine- 
tenths  of  the  coal  were  cut  away,  the  remaining  tenth  would 
have  to  bear  the  whole  of  the  original  pressure,  equal  to  1000  lbs. 
per  square  inch.  It  thus  appears  that,  at  the  shallow  depth  of 
100  feet,  pillars  equal  to  one- tenth  of  the  original  area  have  to  bear 
a  less  pressure  per  square  inch  than  the  pillars  equal  to  one-half 
the  original  area  at  a  depth  of  1000  feet.  The  pressure,  however, 
that  a  pillar  of  coal  will  bear  probably  increases  with  the  dimen- 
sions of  the  pillar  ;  thus  a  small  pillar  would  crush  with  a  pressure 
of  1000  lbs.  per  square  inch,  while  a  large  pillar  would  bear  the 
same  pressure  without   injury.     But  it  is   not   only  the  fact  of 


Fig.  217. — Props  and  pack. 
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pressure  on  the  seam  of  coal  that  has  to  be  considered.  The  coal 
might  be  exceedingly  tough  and  hard,  and  capable  of  resisting  a 
pressure  of  3000  or  4000  lbs.  on  the  square  inch,  but  the  under- 
lying seat-earth,  or  fire-clay,  might  be  less  strong,  and  if  the  pressure 
were  to  be  great,  the  pillars  would  be  forced  down  into  this  fire- 
clay until  the  roof  rested  upon  it.  The  fire-clay  would  swell  up. 
When  this  happens  it  is  called  "creep"  (see  Fig.  218).  In  most 
pillar-and-stall  mines  there  is  some  creep,  but  not  to  such  an 
extent  as  to  cause  the  complete  filling  up  of  the  stalls.  Another 
effect  of  excessive  pressure  is  upon  the  roof.  If  the  shale 
constituting  the  roof  is  softer  than  the  coal,  or  less  tough,  the 
roof  may  be  forced  down  between  the  pillars  which  cut  up  into 
the  roof.  This  cutting  of  the  roof  at  the  edge  of  the  pillars  takes 
place  generally  in  all  coal-mines,  unless  the  roof  is  unusually  hard, 
or  is  composed  of  a  thick-bedded  sandstone.  The  ordinary 
shales  of  the  coal  measures  are  thin-bedded,  and  although  it  would 
require  a  very  great  force  to  break  through  several  feet  of  these 
shales  at  once,  the  lowest  bed,  perhaps'  only  1  inch  thick,  soon 
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Fig.  218. — Section  of  pillars  and  stalls. 

gives  way,  and  when  that  is  broken,  the  next  beo  above  has  to 
bear  the  pressure,  and  so  on,  till  by  degrees  a  great  thickness  of 
roof  is  broken  down.  Thus  it  happens  that  a  roof  may  be  strong 
enough  to  stand  good  for  a  few  days,  but  at  the  end  of  a  fortnight 
a  good  deal  might  have  fallen,  and  at  the  end  of  a  month,  the 
stall  might  be  nearly  filled  with  fragments  of  roof.  In  some  cases 
the  roof  is  sufficiently  sound  to  remain  for  thirty  years,  and  more, 
as  it  was  when  first  exposed. 

It  is  evident  that  a  roof  may  be  a  very  good  roof,  that  is  to 
say,  it  may  stand  firm  in  a  mine  that  is  only  100  feet  deep,  when 
exactly  the  same  shale  roof  in  a  mine  1000  feet  deep  would  be 
broken  by  the  extra  pressure,  and  in  a  mine  2000  feet  deep  would 
be  still  worse  to  deal  with.  In  setting  out,  therefore,  the  size  of 
the  pillars,  consideration  has  to  be  taken  of  the  strength  of  the  roof, 
coal,  and  floor,  and  also  the  market  in  which  the  coal  has  to  be 
sold.  For  instance,  if  the  roof  and  floor  are  very  hard,  the  coal 
alone  might  suffer  from  great  pressure,  and  the  pillar  sustaining 
this  great  pressure,  though  appearing  whilst  in  the  mine  to  retain 
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its  original  form,  might  really  be  so  crushed,  that  when  it  was  cut 
with  the  pick-axe  it  would  nearly  all  drop  into  small  pieces,  or 
slack.  If,  in  the  market  where  this  coal  was  sold,  a  good  price 
could  only  be  got  for  large  coal,  it  is  evident  that  the  effect  of 
crush  on  the  pillar  would  be  commercially  disastrous ;  if,  on  the 
other  hand,  all  the  coal  were  sent  to  the  coke-oven,  the  size  would 
be  immaterial,  and  no  loss  would  ensue  from  the  crush.  This 
consideration  has  a  great  deal  to  do  with  the  method  of  working 
adopted  in  the  various  coal-fields  of  Great  Britain. 

Size  of  Pillars  and  Stalls. — The  ordinary  size  of  stalls 
has  been  above  given  as  varying  from  4  to  6  yards,  and  the 
ordinary  size  of  pillars  may  be  taken  as  varying  from  5  yards 
wide  and  10  yards  in  length  to  30  yards  wide  and  40  yards  in 
length.  As  the  development  of  the  coal-fields  of  the  country 
takes  place,  the  average  depth  increases,  and  the  size  of  the  pillars 
increases  to  a  corresponding  extent.  To  take  an  illustration, 
■  suppose  a  mine  1500  feet  in 

_J    I   ^J    I .  depth,  and  the  pillar  10  yards 

-"'    ^ wide  and  20  yards  long,  with 

stalls  4  yards  wide,  and  cross- 
cuts the  same  width.      The 

I    l.*2o  4<t.r~        — 1    n ]    [-"   mme  may  be   divided  into 

_]    I.     tT    1  I    IT"*      J    J      rectangles  (see  Fig.  219)  of 

-,    , — S-,    p-  1 *4  yards  by  24  yards,  equal 

1  '    '  '    '      in  area  to  336  square  yards. 

F,GS- 2I9,  "SriSSTj^  sh°w!ng      Of  each  of  these  rectangles 

the  pillar  has  an  area  of  200 
square  yards,  and  therefore  this  area  of  200  square  yards  has  to 
bear  the  pressure  originally  resting  upon  an  area  of  336  square 
yards,  the  original  pressure  being  1500  lbs.  per  square  inch. 
The  pressure  per  square  inch  upon  the  remaining  pillar  is  found 
by  the  following  rule-of-three  sum  : — 

200  :  336  : :  1500  :  x  =  2520 

It  is  probable  that  this  pressure  will  be  a  great  deal  more 
than  either  the  coal  or  the  roof  or  floor  will  bear  without  injury, 
and  the  working  of  the  mine  will  become  exceedingly  costly,  if 
not  impossible.  Supposing  the  pillars  are  increased  to  30  x  40 
(see  Fig.  220),  the  stalls  remaining  the  same  size,  the  whole  of 
the  mine  may  be  divided  into  rectangles  of  34  x  44  yards. 
Therefore  each  rectangle  contains  1496  square  yards,  and  each 
pillar  contains  1200  square  yards.  The  original  pressure  of  1500 
lbs.  per  square  inch  upon  the  original  area  of  1496  square  yards 
has  now  to  be  entirely  sustained  on  the  remaining  pillar  of  1200 
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square  yards,  and  the  pfessure  per  square  inch  will  be  found  by 
the  following  rule-of-three  sum  : — 

1200  :  1496  :  :  1500  :  x  =  1870  lbs.  per  square  inch 

Thus,  by  increasing  the  size  of  the  pillar,  the  pressure  per 
square  inch  upon  it  has  been  reduced  from  2520  to  1870.  These 
are  some  of  the  considerations  that  guide  the  mining  engineer 
in  setting  out  the  dimensions  of  pillars.  There  are,  however, 
other  considerations,  such  as  the  inclination  of  the  seam.  In  a 
level  seam,  or  one  lying  at  a  moderate  inclination,  there  is  no 
difficulty  in  conveying  the  coal  along  the  stall,  but  if  the  seam 
lies  at  a  steep  inclination,  special  arrangements  have  to  be  made 
for  haulage,  which  will  be  dealt  with  in  the  chapter  on  haulage. 
Other  considerations  are  the  amount  of  gas  yielded  by  the  coal, 
and  the  means  of  ventilation.  It  is  evident  that  the  larger  the 
pillars,  the  greater  will  be  the  lengths  of  single  road  to  be 
ventilated  between  cross-cuts ;  and,  in  a  mine  yielding  a  great 
deal  of  fire-damp,  this  is  a  very  important  consideration,  of  which 
notice  will  be  taken  further  on. 

Getting  the  Pillars. — A  hundred  years  ago,  the  colliery 
owner  was  not  often  troubled  by  the  consideration  .where  he 
would  find  the  coal,  but  generally  he  had  only  to  consider  where 
he  would  find  the  market,  and  it  was  not  necessary  for  him  to 
trouble  his  mind  by  asking  himself  if  he  intended  to  get  the 
pillars,  and  how.  Sometimes  the  miners  would  find  it  easier  to 
get  the  coal  out  of  the  pillars  left  for  the  support  of  the  stalls 
(which  were  in  fact  the  roads  necessary  for  the  transport  of  the 
mineral,  and  for  ventilation),  than  to  cut  coal  out  of  the  solid,  and 
therefore  they  would  make  a  stall  across  a  pillar,  or  cut  coal  off 
the  edges  of  a  pillar,  so  weakening  it  that  the  roof  would  break 
down,  or  the  floor  heave  up.  This  was  called  "robbing"  the 
pillars,  and  it  would  seem  to  have  been  originally  regarded  as  a 
somewhat  nefarious  operation.  At  the  present  date  the  working 
of  the  pillars  constitutes  from  fifty  to  eighty  per  cent,  of  the  entire 
working  of  the  mine,  and  it  is  not  put  off  until  the  "whole  of  the 
coal-field  to  be  worked  by  any  given  colliery  has  been  cut  into 
stalls,  but  is  begun  as  soon  as  the  workings  have  reached  a 
sufficient  distance  from  the  shaft  for  this  operation  to  be  per- 
formed without  danger  to  the  colliery  plant  (see  Fig.  214).  The 
working  of  the  pillars  is  often  done  in  the  way  shown  in  Fig.  221, 
that  is  to  say,  by  taking  a  stall  along  the  edge  of  the  pillar,  say 
S  yards  wide.  In  order  to  protect  the  men  against  falling  roof, 
rows  of  props  are  placed  as  shown  in  the  figure,  and  sometimes 
a  pack  wall  is  built  so  as  to  form  a  sheltered  roadway  between 
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the  pillar  and  this  wall  (see  Fig.  222). *  When  this  stall  has  been 
worked  across  the  pillar,  the  rails  are  taken  up  and  some  of  the 
timber  withdrawn,  and  another  stall  started  by  the  side  of  the  one 
just  completed,  until  the  whole  of  the  pillar  has  been  got. 
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Figs.  221,  222. — Pillar  working  (Ryhope). 

Another  method  (see  Fig.  223)  is  to  work  the  whole  width 
of  the  stall  at  once,  setting  timbers  along  the  face  as  shown,  and 
as  the  stall  advances,  the  timber  is  withdrawn,  and  the  props 

which  are  not  broken  re- 


placed  close  to  the  coal 
face  where  the  men  are 
working.  After  the  props 
are  withdrawn,  the  roof 
may  fall,  and  of  course 
will  fall,  as  soon  as  a 
sufficient  area  is  left  en- 
tirely unsupported.  In 
cases  where  the  pillars  are 
large,  this  is  sometimes 
called  "  working  back," 
and  also  it  is  sometimes 
called  "longwall  working 
back,"  but  it  is  evidently 
only  one  variety  of  pillar- 
and-stall.  Often,  in  order 
to  increase  the  security  of  the  miners,  packs  or  stalls  of  stone — 
that  is,  shale,  sandstone,  fire-clay,  or  other  material — are  built  at 
intervals  along  the  working  place  (see  Fig.  223).    These  reduce 

1  N.E.  Inst.  French  report. 
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Fig.  223. — Working  back. 
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the  pressure  on  the  timber,  and  remain  as  a  permanent  support 
for  the  roof;  owing  to  their  loose  construction,  they  will  not 
sustain  a  very  great  pressure,  and  they  yield  under  the  weight  of 
the  roof,  and  allow  it  gradually  and  equally  to  subside.  The 
fracture  of  the  roof  is  thus  more 
regular  than  if  there  were  no  packs. 

Shape  of  Stalls. — On  looking 
at  a  plan,  it  will  be  seen  that  where 
the  stalls  cross  there  is  likely  to  be 
a  great  pressure  on  the  corners  of 
the  pillars.  To  reduce  this,  the 
stalls  are  often  made  narrow  at  the 
entrance  (see  Fig.  224),  and  gradually 
widened  out  to  the  full  width. 

"Bord"  and  "End."— Coal  is 
traversed  by  lines  of  cleavage  (see 
Fig.  225),  along  which  it  can  be 
easily  split  by  a  wedge.  These 
cleavage  lines  are  close  together; 
a  wedge  may  be  put  in  anywhere  on  „  „ 

.  °r  J  n    ,  ^  >  ,  ,  riG.  224. — stalls  with  narrow  entrance. 

the  surface  of  the  seam  of  coal,  and 

it  will  split  along  the  line  of  cleavage.  These  lines  of  cleavage 
are  generally,  so  far  as  the  writer  has  seen  or  heard,  in  a  plane 
vertical,  or  nearly  vertical,  to  C1  .„ 

the  plane  of  stratification  or 
bedding  in  the  midland  and  ■""~Tj 
northern  counties.  The  direc- 
tion of  these  cleavage  planes 
in  these  counties  is  in  line, 
roughly  speaking,  from  north- 
west to  south-east,  but  vary- 
ing in  the  number  of  de- 
grees west  of  north.  In  South 
Wales  the  cleavage  planes  are 
said  to  be  generally  not  in  a  plane  vertical  to  the  bedding,  but 
inclined  at  a  considerablesangle. 

In  addition  to  the  cleavage  planes  are  joints  parallel  to  them, 
and  others  crossing  them  at  right  angles,  the  joints  often  make  a 
complete  separation,  along  which  the  coal  can  be  parted ;"  they 
sometimes  contain  black  smutty  coal  powder.  These  joints  are 
studied  by  the  colliers,  who  make  the  holing  or  under-cutting 
so  that  the  coal  may  be  parted  along  a  joint.  The  joints  are 
not  always  regular  nor  completely  cutting  the  seam,  so  that  it  is 
only  sometimes  that  they  assist  the  collier  in  his  work.  They  are 
sketched  with  the  cleavage  planes  in  Fig.  225. 


Fig.  225. — Cleavage  planes  and  joints- 
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As  a  general  rule,  it  is  easier  to  cut  the  coal  across  these 
cleavage  planes,  just  as  it  is  easier  to  saw  a  log  of  wood  across 
than  to  saw  it  lengthways.  In  taking  a  heading  across  the 
cleavage  planes,  it  is  called  driving  "  bordways "  or  on  the 
"  bord ; "  in  taking  a  heading  in  the  direction  of  these  cleavage 
planes,  it  is  called  driving  "endways"  or  on  the  "  end."  In  the 
north  country  the  word  "  headways  "  is  often  used  for  "  endways." 
When  driving  a  heading  in  a  diagonal  direction,  neither  "  end  " 
nor  "  bord ; "  it  is  in  Yorkshire  called  "  andra."  It  being  easier 
to  cut  the  coal  bordways,  the  pillars  are  generally  made  longer 
in  that  direction.  Thus  there  are  more  bords  than  ends.  In 
many  places  the  endways  stall  is  made  narrower  than  the  bord- 
ways, in   order  not  to  weaken  the  pillar  unnecessarily.      The 
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Fig.  226 — Cheshire  pillar-and-stall.    Coal  worked  shown  thus  //////. 

nearer  the  cross-cuts  or  endways  stalls  are,  the  better  for  the 
purpose  of  ventilation,  and  a  cross-cut  6  feet  wide  will  be  wide 
enough  for  that  purpose.  In  places  where  the  bordways  stalls 
are  5  yards  wide,  the  endways  stalls  are  often  only  3  yards  wide. 

Fig.  226  shows  a  method  of  working  which  has  been  adopted 
in  some  of  the  Cheshire  collieries.  '  The  dimensions  of  the  pillars 
are  shown  on  the  figure.  In  this  case  the  roads  or  stalls  are 
driven  in  pairs,  with  a  narrow  pillar  between,  so  that  cross-cuts 
may  be  frequent,  and  ventilation  thus  facilitated.  A  pair  of  roads 
can  be  driven  out  a  great  distance  without  difficulty,  to  the 
boundary ;  the  next  pair  is  about  140  yards  distant,  so  that 
the  mine  is  divided  into  pillars  about  400  yards  long,  by  140 
yards  wide,  these  being  so  large,  in  proportion  to  the  narrow 
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width  extracted  in  the  headings,  that  the  pressure  is  not  per- 
ceptibly increased.  The  process  of  working  back  is  begun  at 
the  boundary  by  dividing  the  large  pillar  into  small  pillars  as 
shown  in  the  figure,  and  then  working  back  the  pillars  immediately 
they  are  formed,  so  that  the  stalls  are  only  one  or  two  pillars 
in  advance  of  the  "goaf"  or  "gob  "—goaf  or  gob  being  the  name 
given  to  the  "  waste  "  from  which  the  coal  has  been  extracted. 
By  thus  rapidly  working  pillars,  there  is  not  much  time  for  the 
pressure  to  take  effect  either  upon  the  coal,  roof,  or  floor. 

Fig.  227  shows  the  method  adopted  in  North  Staffordshire, 
where  the  coal  has  a  steep  inclination.  The  stone  head  or  "  crut " 
from  the  shaft  foots  the  coal, 
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Fig.  227. — North  Staffordshire  pillar-and-stall. 


along  which  levels  are  driven  ; 
from  this  level  headings  are 
driven  uphill  in  pairs,  as  shown 
in  figure.  A  heading  driven 
uphill  in  North  Staffordshire 
is  called  a  "dip;"  these  dips 
are  driven  to  the  rise  boun- 
dary, or  pillar  left  against  old 
workings  above ;  levels  are 
then  driven  through  at  the  top. 
Half-way  between  the  dips  the 
pillar  is  cut  in  two,  and  each 
half  worked  back;  as  the  top 
pillar  is  being  worked  back,  a 
lower  level  is  driven  out.  The  levels  are  ventilated  by  air-pipes ; 
the  return  air-road  is  driven  in  the  seam  of  coal  to  the  upcast 
shaft. 

Main  Roads. — In  working  a  large  mineral  estate,  main  roads 
may  be  driven  north,  south,  east,  and  west.  These  main  roads 
will  go  to  the  extreme  boundary,  possibly  two  or  three  miles  dis- 
tant. There  must  be  at  least  two  main  roads  in  each  direction, 
one  for  the  intake,  and  the  other  for  the  return  air.  From  these 
main  roads  branch  roads  start  into  the  districts  or  panels  of  work, 
each  side  of  the  district  or  panel  being  worked  in  the  manner 
already  described.  In  getting  the  pillars  in  these  districts,  it  is 
necessary  to  leave  a  sufficient  number  untouched  near  to  the  main 
road,  in  order  that  it  should  not  be  crushed.  The  width  of  solid  coal 
which  it  may  be  necessary  to  leave  on  each  side  of  a  main  road 
varies,  of  course,  with  the  nature  of  the  strata,  as  above  described, 
and  with  the  depth  of  the  mine ;  the  deeper  the  mine,  the  wider 
the  pillar  which  it  is  necessary  to  leave.  In  a  mine  about  150 
yards  in  depth,  a  main-road  pillar  about  88  yards  wide  will  suffice. 
Out  of  this  two  main  roads  3  or  4  yards  wide  may  be  taken,  and 
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cross-cuts.  For  a  mine  250  yards  deep,  a  pillar  about  no  yards 
in  width  will  suffice  to  protect  a  haulage  road  and  air-road  with 
cross-cuts.  For  a  depth  of  400  yards,  a  width  of  about  203 
yards  is  required  to  protect  a  haulage  road,  air-road,  and  cross- 
cuts. 

The  system  of  working  by  pillar-and-stall  is  carried  out  in 
mines  lying  at  any  inclination,  from  those  which  are  perfectly 
flat  to  those  which  are  vertical. 

"  Longwall." — The  other  systems  of  working  coal  and  other 
minerals  may  be  taken  under  the  head  of  "  Longwall."    In  the  case 


■  ■..,■>»■  «■  «;- 


solid  coal  a  ^^...ri^i:  ;;■■■;  iB^f;; 


;  SOLID    COAL 


Fig.  228. — Longwall. 


of  coal-mines,  there  is  only  one  invariable  distinction  between  a 
longwall  and  a  pillar-and-stall  mine.  In  the  pillar-and-stall  mine 
pillars  are  left  for  the  support  of  the  roads  for  haulage  and  venti- 
lation, and  in  the  longwall  mine  no  pillars  of  coal  are  left,  but 
the  roads  for  haulage  and  ventilation  are  supported  by  artificial 


Fig.  229. — Section  of  a  working  place. 

pillars  or  packs  of  stone  or  timber.  The  student,  however,  should 
bear  in  mind  that  in  a  great  many  mines  there  is  some  admixture 
of  the  two  systems,  and  in  many  longwall  mines — rightly  so  called, 
because  they  are  chiefly  worked  on  that  system — the  main  roads 
are  supported  by  pillars  of  coal.  There  are  also,  as  above  said, 
mines  where  all  the  roads  are  supported  by  pillars  of  coal,  and 
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where  the  coal  is  worked  back  in  long  working  faces,  which  are 
often  called  "longwall  working  back."  But  these,  as  already 
said,  are  really  pillar-and-stall  mines.  In  the  pure  longwall 
mines  the  only  pillars  left  are  those  for  the  support  of  the  shaft 
or  some  other  exceptional  purpose.  A  plan  of  a  longwall  mine 
is  shown  in  Fig.  228.  A  section  of  working  place  is  shown  in 
Fig.  229.  Fig.  230  shows  cross-section  of  gate  road.  Fig.  231 
shows  longitudinal  section  down  the  centre  of  gate  road.     The 


Fig.  230. — Cross-section  of  pack  gate  at  a  b. 

place  where  the  miners  work  is  often  called  "  face  "  of  work.  The 
working  generally  advances  bordways ;  but  where  the  coal  is 
tender  and  it  is  desired  to  get  large  pieces,  the  face  of  work  is 
carried  endways,  and  very  often  it  is  taken  "  andra."  In  some 
collieries,  where  the  coal  lies  level,  or  at  a  very  moderate  inclina- 
tion, the  workings  proceed  in  every  direction,  so  that  the  working 
face  is  a  circle,  of  which  the  shaft  is  the  centre. 

As  the  coal  is  got,  the  roof  is  maintained  by  props,  and  when 


Fig.  231. — Longitudinal  section  of  gate  road. 

the  working  has  advanced  a  few  yards  from  the  shaft  pillar,  packs 
of  stone  are  built  where  the  gates  will  be.  The  gates  are  the 
haulage  roads  along  which  the  coal  is  conveyed.  The  packs 
by  the  side  of  the  gates  generally  vary  in  width  from  9  to  12  feet. 
The  interior  of  the  pack  is  often  filled  up  with  small  rubbish, 
and  where  the  slack  is  unsalable  some  of  it  is  often  put  in  the 
packs.  The  width  of  the  gate  generally  varies  from  8  to  1 2  feet ; 
the  distance  between  the  gates  varies  from  about   10  yards  to 


\&2  MINING. 

ioo  yards  (see  Fig.  233,  a).  The  nearer  the  gates  are  together, 
the  more  rapidly  can  the  coal  be  got  away  from  the  face,  and  the 
greater  the  number  of  men  that  can  be  concentrated  on  a  given 
length  of  face,  and  consequently  the  greater  the  tonnage  of  coal 
that  can  be  got  out  of  a  given  length  of  face.  On  the  other  hand, 
the  further  the  gates  are  apart,  the  less  will  be  the  total  cost  of 
making  and  maintaining  gate  roads  for  a  given  acreage  of  the 
seam.  As  a  general  rule,  the  thicker  the  seam  of  coal  the  nearer 
the  gates  should  be,  to  give  facilities  for  removing  the  greater 
thickness  of  coal. 

In  some  districts  the  miners  form  themselves  into  companies 
of  a  dozen  or  more  to  work  the  coal  on  each  side  of  the  gate 
road,  and  these  twelve  men  may  work  a  distance  of  25  yards 
on  each  side  of  the  gate  road,  being  4  yards  apiece.  In  other 
districts  the  miners  refuse  to  combine  with  each  other,  and  each 
miner,  who  employs  a  labourer,  has  one  side  of  the  gate  road  to 
himself.  In  these  districts  the  gate  roads  are  placed  from  10 
to  20  yards  apart,  allowing  each  miner  with  his  labourer  from  5 
to  10  yards  of  face.  As  the  face  of  work  advances,  and  the 
gates  become  longer,  the  packs  become  compressed  by  the  weight 
of  the  roof,  which  no  longer  has  the  support  of  the  solid  coal, 
and,  in  order  to  maintain  the  height  of  the  roads,  it  is  necessary 
to  cut  down  the  roof.  In  the  midland  counties  the  term  "  rip- 
ping" is  applied  to  this  cutting  down  of  the  roof  (see  Fig.  23T). 
Where  the  roof  is  hard,  gunpowder  or  other  explosive  is  generally 
used  to  break  down  the  roof.  The  stone  thus  obtained  is  taken 
forward  to  the  face  of  work,  and  used  for  building  the  packs. 
The  gate  roads  in  the  midland  counties,  working  seams  from  3  to 
6  feet  in  thickness,  are  generally  from  30  to  50  yards  apart.  If, 
at  the  beginning,  the  gate  road  is  made  from  6  to  8  feet  in  height, 
it  will  probably  remain  high  enough  until  the  face  is  advanced  a 
distance  of  100  or  200  yards,  after  which  it  will  require  further 
ripping.  In  order  to  reduce  the  expense  under  this  head,  it  is 
common  to  do  the  second  ripping  in  only  one  gate  road  out  of 
five  or  six,  and  to  put  a  cross-road  right  and  left  from  this  main 
gate,  so  as  to  cut  off  the  four  or  five  roads  on  the  other  side,  the 
hinder  length  of  which  is  afterwards  abandoned.  This  system 
of  cross-gates  not  only  reduces  the  cost  of  ripping,  but  also  the 
cost  of  timber  and  road  repairs  generally,  and  the  length  of  rails, 
number  of  sleepers,  and  cost  of  haulage.  As  the  length  of  the 
main  gates  extends,  main  cross-gates  are  introduced,  which  cut 
off  the  branch  gates  of  a  whole  district,  and  in  large  collieries  the 
main  gates  and  main  cross-gates  are  worked  by  engine  power  (see 
Fig.  232).1 

1  T.  Foister  Brown,  Inst.  Civil  Engineers,  vol.  Ixiv. 
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Packing. — Between  the  gate-road  packs  it  is  a  usual  practice 
to  build  intermediate  packs  (see  Fig.  233,  l>).  These  intermediate 
packs  relieve  the  props  from  excessive  pressure,  and  also,  forming 
a  permanent  but  compressible  support  for  the  roof,  allow  it  to 


Fig.  232. — Longwall  (HarrL's  Navigation). 

subside  gradually,  and  often  without  serious  fracture  of  the  strata 
above.  The  number  and  size  of  the  packs  that  are  built  depend 
to  a  great  extent  on  the  building  material  at  hand.  In  a  thin 
seam  of  coal,  where  the  holing  is  done  in  the  floor,  the  coal  being, 
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Fig.  233.— Plan  showing  packs  in  longwall  face. 


say,  2  feet  thick,  and  the  dirt  got  in  holing  1  foot,  the  holing  dirt 
will  completely  fill  the  goaf,  and  it  will  be  unnecessary  to  build 
special  packs,  except  by  the  gate  walls.  On  the  other  hand, 
where  there  is  a  clean  seam  of  coal  8  feet  thick,  and  no  dirt  is 
got  with  the  seam,  material  for  building  packs  -may  have  to  be 
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fetched  from  a  distance.  Perhaps  the  roof  will  break  down  behind 
the  props,  and  from  the  heap  of  fallen  stone  so  formed  stone  can 
be  extracted  for  building  packs.  If,  in  first  starting  the  working 
place  from  the  opening  off  head,  there  is  no  packing  material, 
and  the  roof  is  a  strong  shale  or  rock,  it  may  be  carried  forward 
a  distance  of  30  or  40  yards  or  more,  partly  supported  on  timber 
props,  before  the  roof  breaks  down.  When  it  does  fall  it  will  be 
a  very  serious  affair.  The  props  being  absolutely  useless  for  the 
purpose  of  sustaining  the  weight  above,  safety  can  only  be  found 
in  flight,  and  it  is  not  unlikely  that  with  the  fall  of  the  roof  there 
may  be  an  outburst  of  gas  which  has  been  pent  up  in  the  strata 
above,  and,  should  there  be  a  naked  light  in  the  vicinity,  it  might 
lead  to  an  explosion.  It  is  advisable  to  avoid  these  heavy  falls 
of  roof  by  bringing  into  a  new  district  stone  from  other  places, 
from  the  ripping  of  gates,  or  exploring  heads,  or  cross-measure 
drifts.  If  sufficient  stone  cannot  be  obtained,  the  gate  roads  are 
formed  by  packs  of  timber,  built  in  pillars  from  3  to  4  feet  square. 
These  packs  are  made  of  bars  of  wood  laid  crosswise,  forming  a 
square  pillar,  the  middle  being  filled  up  with  slack  or  other  rub- 
bish. The  cheapest  kind  of  wood  is  generally  used,  often 
branches  of  trees  of  no  use  for  carpentry ;  these  are  cut  to  the 
required  length,  and  sold  as  "  brattice  "  wood.  Brattice  wood  is 
extensively  used  in  South  Wales,  and  in  some  parts  of  the 
midlands.  As  soon  as  the  weight  comes  on  these  timber  packs, 
they  are  crushed,  and  the  height  of  the  road  can  only  be  main- 
tained by  ripping  down  the  roof.  The  stone  thus  obtained  is 
used  for  forming  packs,  being  built  between  the  timber  packs. 
In  France  it  is  usual,  where  thick  seams  of  coal  are  worked,  to 
quarry  shale  and  stone  on  the  surface,  and  send  it  down  the 
pit  for  building  packs.  The  extent  to  which  the  packs  are 
squeezed  down  varies,  of  course,  with  the  proportion  of  material 
in  the  pack  and  intervening  spaces  or  "bays"  into  which  they 
can  spread  when  pressed,  and  also  with  the  depth  of  the  mine. 
In  mines,  however,  200  yards  deep  and  upwards,  the  packs  are 
generally  so  tightly  crushed  and  forced  into  the  underclay,  which 
rises  up  between  them,  that  they  are  completely  buried,  and  the 
main  roads  are  formed  entirely  in  the  roof  of  the  coal  by  succes- 
sive rippings.  If  this  roof  is  formed  of  moderately  sound  shale, 
such  as  is  generally  met  with,  the  road  thus  made  entirely  in  it 
will  endure,  with  a  very  small  subsequent  expense  for  repairs. 
The  longwall  system  is  becoming  more  and  more  general  every 
year;  for  fifty  years  it  has  been  the  system  almost  exclusively 
adopted  in  Derbyshire  and  Nottinghamshire ;  it  is  now  becoming 
the  rule  in  Yorkshire,  and  is  no  longer  uncommon  in  the  northern 
coal-field.     It  is  often  practised  in  Scotland,  and  is  common  in 
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Lancashire,  and  is  the  rule  in  North  and  South  Wales ;  it  is 
also  the  rule  in  Leicestershire,  in  some  parts  of  Warwickshire,  and 
in  the  Canon  Chase  district  of  Staffordshire.  It  is  largely 
employed  on  the  Continent. 

Comparative  Merits  of  Longwall  and  Pillar-and-Stall. 
— As  a  general  rule,  longwall  is  the  system  employed  where  it  is 
essential  to  get  coal  in  large  lumps,  and  where  there  is  packing 
material  to  build  the  walls  or  packs.  With  seams  of  moderate 
thickness,  and  where  there  is  dirt  to  build  the  packs,  the  venti- 
lation of  the  longwall  mine  is  simpler  than  with  a  pillar-and- 
stall  mine.  In  thick  seams  of  coal,  where  in  ordinary  course  of 
working  there  is  little  or  no  dirt  for  the  building  of  packs,  pillar- 
and-stall  is  generally  employed.  In  driving  out  the  stalls  in  a  fiery 
seam,  it  is  often  difficult  to  keep  them  clear  of  gas,  because  these 
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Fig.  234. — Drainage  of  gas  by  headings.     Proportion  drained,  10,000  J  proportion 
worked,  2000  ;  ratio,  5  to  1.     Drainage  of  gas  shown  by  shading. 

narrow  roads  receive,  not  only  the  gas  due  to  their  own  area,  but 
the  drainage  of  gas  from  the  adjoining  pillars  (see  Fig.  234). 
In  this  case  it  is  shown  that  the  area  drained  of  gas  by  the  stalls  or 
headings  is  five  times  as  large  as  the  area  from  which  the  coal  is 
extracted.  At  a  later  stage  in  the  working  of  the  mine,  when 
the  pillars  are  got,  the  proportion  of  gas  yielded  per  ton  of  coal 
will  be  much  less ;  but  this  subsequent  immunity  may  be 
dearly  purchased  if  at  the  beginning  the  mine  is  fouled  by  the 
excessive  drainage  of  gas.  On  the  other  hand,  in  a  longwall 
mine  the  drainage  is  proportional  to  the  tonnage  of  coal  got  at 
all  stages  in  the  life  of  the  colliery,  after  the  first  headings  have 
been  made  through  the  shaft  pillar.  The  ventilation  of  a  long- 
wall  mine  is  more  satisfactory  than  that  of  a  pillar-and-stall  mine 
in  the  following  important  respect.  All  the  roads,  both  for 
haulage  and  ventilation,  lead  through  the  goaf,  and  thus  there  is 
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no  large  unventilated  area  in  the  mine.  The  coal  being  extracted, 
leaving  no  pillars,  the  superincumbent  strata  subside  and  close 
up  entirely  the  opening  made  by  the  extraction  of  the  coal, 
except  where  the  gates  have  been  made,  and  in  the  vicinity  of  the 
working  face,  where  sufficient  time  has  not  elapsed  since  the 
coal  was  got  to  allow  of  the  complete  settlement  of  the  rocks 
above.  On  the  other  hand,  in  a  pillar-and-stall  mine  there  are, 
as  a  general  rule,  no  roads  through  the  goaf,  so  that  the  area 
along  the  edge  of  the  pillars  which  is  not  yet  squeezed  tight  by 
the  weight  of  strata  above  is  unventilated  and  frequently  contains' 
gas.  When  the  barometer  falls  the  gas  expands,  and,  unless  there 
is  good  ventilation  around  the  edge  of  the  pillars,  might  reach  to 
the  working  miners.  A  sudden  and  large  fall  of  roof  might  drive 
the  gas  out  of  the  goaf  into  the  working  places. 

Spontaneous  Combustion. — Wherever  there  are  large 
heaps  of  small  coal  (slack),  it  frequently  happens  that  the  coal 
takes  fire  by  a  process  of  spontaneous  combustion.  It  seems  to 
be  now  accepted  that  this  is  due  to  the  oxidization  of  the  small 
coal,  which  produces  heat ;  the  heat  is  retained  by  the  covering  of 
slack  on  the  outside  of  the  heap,  and  the  hotter  the  mine  becomes 
the  more  rapid  is  the  process  of  oxidization,  until  it  proceeds  at 
such  a  pace  that  the  heat  rises  to  the  temperature  of  actual 
combustion,  and  extends  from  the  inside  to  the  outside  of  the 
heap  of  slack,  where,  meeting  with  greater  quantities  of  air, 
combustion  can  take  place  freely,  and  the  heap  of  coal  then  bursts 
into  flame.  Spontaneous  combustion  has  been  frequently 
observed  on  board  ship  where  coal  is  stowed  in  masses  of 
hundreds  or  thousands  of  tons,  in  heaps  of  small  coal  laid  down 
in  stock  at  collieries,  as  well  as  in  the  underground  workings.  In 
many  mines  a  great  part  of  the  slack  made  in  working  is  unsal- 
able, and  is  therefore  left.  There  are  other  portions  of  the  seam 
of  coal  which  are  of  inferior  quality,  and  therefore  unsalable,, 
and  there  are  also  other  portions  of  the  seam  which  cannot  be 
taken  out  because  they  are  covered  with  falls  of  roof,  or  which  it 
is  dangerous  to  attempt  to  get  for  fear  the  roof  should  fall  on 
the  miners.  In  some  mines  coal  is  left  in  from  all  these  four 
causes,  and  these  mines  are  liable  to  spontaneous  combustion.1 

Wax  Walls. — Danger  from  these  fires  is  obviated  in  a  variety 
of  modes.  In  some  places,  where  the  seam  of  coal  is  worked  on  the 
longwall  principle,  the  gates  have  been  lined  with  walls  about 
9  inches  or  i  foot  thick  made  of  lumps  of  clay,  tempered  in  the 
clay-hole  on  the  surface.      These  continuous  walls  of  clay  (see 

1  Some  kinds  of  shale  are  liable  to  spontaneous  ignition  ;  instances  of  this 
may  be  found  in  Staffordshire,  Derbyshire,  Dorsetshire,  and  at  Brora,  Sufher- 
landshire. 
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Fig.  235)  prevent  the  air  from  getting  into  the  goaf  between  the 
gates,  and  in  the  absence  of  all  air  there  can  be  no  combustion. 
Where  these  walls  are  properly  made,  the  only  place  where  fire  can 
occur  is  near  the  working  face  ;  this,  however,  is  pushed  forward 
rapidly,  so  that  the  heaps  of  slack  are  not  exposed  for  long  to  any 
circulation  of  air.  If,  for  any  reason,  the  working  should  be 
stopped,  such  as  through  slackness  of  trade,  strike,  etc.,  a  wax  wall 
is  taken  along  the  face,  so  as  to  entirely  exclude  the  air  from  the 
goaf.     A  bank  of  sand  is  sometimes  substituted  for  clay. 

This  system  has  been  extensively  used  in  the  Moira  district 
of  the  Leicestershire  Coal-field.1  In  other  districts  where  there  is 
occasionally  spontaneous  combustion,  nothing  is  done  to  interfere 
with  the  ventilation  ;  but  rather  it  is  made  as  powerful  as  possible, 
on  the  theory  that  whilst  a  moderate  supply  of  oxygen  causes 
combustion,  on  the  other  hand,  a  powerful  current  so  cools  the 
place  that  the  heat  is  dissipated  before  it  has  reached  a  dangerous 
point.  It  is  probable  that  there  is  a  difference  in  the  nature  of 
the  coal  which  leads  to  a  difference  in  treatment.      If,  however, 
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Fig.  2^5. — Gate  roads  resting  on  brattice  wood  and  wax  walls,     a,  before 
weight  came  on;  bt  after  weight  came  on.     i,  wax  wall ;  2,  chocks. 

a  smouldering  is  discovered,  it  must  be  immediately  dealt  with. 
The  plan  generally  adopted  is  to  shovel  out  the  heated  or 
smouldering  coal  or  shale,  filling  the  place  with  sand.  In  order 
to  get  at  the  place,  however,  it  is  sometimes  necessary  to  use 
water  to  extinguish  the  fire.  The  water  for  this  purpose  is  sent  in 
water-tight  boxes  or  tanks  on  wheels,  and  to  throw  it  on  the  fire 
a  force-pump  like  a  garden  pump  may  be  used  Occasionally  the 
apparatus  known  as  "  extincteur  "  has  been  used.  This  apparatus 
contains  an  acid  and  some  lime  and  water.  By  breaking  the 
internal  glass  bottle  containing  the  acid,  carbonic  acid  gas  is 
produced  at  a  high  pressure,  and  by  opening  the  tap  the  water  and 
carbonic  acid  gas  can  be  projected  to  a  considerable  distance.  It 
has,  however,  been  found  that  water  is  sufficient.  In  some  mines 
water-pipes  are  conveyed  along  all  the  main  roads  of  the  mine, 
and  the  water  is  brought  down  the  shaft  in  pipes,  so  that  there  is  a 
great  pressure.  By  means  of  hose-pipes  a  powerful  jet  of  water 
can  be  taken  into  any  district  of  the  mine  to  extinguish  a  fire. 
1  At  present  it  is  not  mucli  used  at  Moira, 
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This  is,  perhaps,  the  best  method  of  dealing  with  spontaneous 
combustion  or  fires  of  any  kind.  In  South  Staffordshire,  owing 
to  the  great  amount  of  coal  and  slack  left  in  the  workings, 
spontaneous  combustion  frequently  occurs,  and  the  mine  is 
divided  into  panels,  so  that,  when  a  fire  takes  place  in  any  one  of 
these  panels,  it  may  be  separated  from  the  rest  of  the  mine 
by  walls  of  brick  and  mortar  called  stoppings.  In  Warwickshire, 
a  number  of  the  more  important  collieries  have  their  present 
workings  to  the  dip  of  the  shaft.  To  get  the  coal,  headings 
have  been  driven  down  to  the  boundary,  and  the  coal  worked 
back.  The  water  that  finds  its  way  down  to  the  dip  is  left  to  fill 
the  goaf,  and  thus  prevents  a  fire. 

As  a  general  rule,  a  gob  fire  in  Staffordshire  or  Warwickshire  is 
"  built  off"  to  keep  out  the  air,  so  that  it  may  extinguish  itself, 
the  mine  being  so  laid  out  as  to  facilitate  the  separation  of  parts 
from  the  rest. 

Thick  Coal. — The  greater  part  of  the  coal-mines  of  Great 
Britain  have  seams  of  moderate  thickness,  that  is  to  say,  not 


Fig.  236. — Method  of  working  the  Staffordshire  thick  coal. 

exceeding  10  feet,  and  also  lying  at  a  moderate  inclination. 
There  are,  however,  districts  with  exceptionally  thick  seamsv  and 
others  where  the  coal  lies  at  a  very  steep  inclination,  and  special 
methods  of  working  are  employed  in  each  case.  The  thick  coal 
districts  in  Great  Britain  are  South  Staffordshire  and  Warwickshire. 
The  South  Staffordshire  thick  coal  is  from  8  to  12  yards  in 
thickness ;  tho  plan  of  a  mine  in  this  seam  is  shown  in  Figs.  236, 
237>  238-  The  horse-roads  are  made  in  the  bottom  part  of  the 
coal,  and  the  side  of  work  headed  out,  the  height  of  the  stalls 
being  from  6  to  8  feet,  the  pillars  being  left  as  shown.  The  roof 
coal  is  then  cut  down  in  beds  according  to  the  joints  in  the  seam. 
The  thick  coal  is  really  a  number  of  seams  separated  by  thin 
beds  of  dirt.  In  order  to  get  the  roof  coal,  it  is  necessary  to  cut 
a  nick  all  round  the  sides  of  the  panel  and  the  pillars ;  this  nick 
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is  cut  by  the  miner  with  a  pick-axe,  standing  on  a  scaffold  or  a 
heap  of  dirt.  In  order  that  it  may  not  fall  on  his  head,  "  spurns  " 
of  coal  are  left  at  intervals  of  2  or  3  yards.  When  a  sufficient 
extent  of  roof  coal  has  thus  been  nicked,  the  spurns  are  cut  out 
by  means  of  a  long  spear  or  pike,  so  that  a  man  standing  on  the 
ground  can  do  the  work ;  little  refuge  holes  are  cut  in  the  coal, 
where  he  can  run  for  shelter  as  soon  as  the  roof  shows  signs  of 
dropping.     In  this  way  all  the  coal  is  got  down  except  the  top 


Fig.  237. — Section  of  rib-and-pillar  system. 

bed,  which  is  left,  because  when  that  is  got  down  the  shale  above 
falls  with  it,  and  it  is  mixed  with  dirt.  It  would  also  be  dangerous 
to  enter  the  place  to  remove  the  coal,  because  more  dirt  might 
fall.  The  pillars  and  dividing  ribs  between  the  different  districts, 
constituting  a  large  proportion  of  the  coal,  are  often  left.  Some- 
times the  pit  has  to  be  closed  on  account  of  the  fires.  After 
a  time  the  mine  is   reopened,  and  workings    are  made  in  the 


Fig.  238.— Plan  of  rib-and-pillar  system. 

pillars  and  ribs.      A  colliery  may  be  closed  and  reopened  three 
or  four  times  before  it  is  finished. 

There  are  various  modifications  of  the  method  of  working 
thick  coal  above  described.  It  is,  however,  impossible  to  work  a 
thick  seam  like  this  without  great  waste,  unless  either  long  timber 
props  are  used  to  make  the  roof  safe,  as  is  done  in  Silesia,  or 
packing  stone  is  sent  down  from  the  surface,  as  is  done  in  France. 
In  Upper  Silesia  there  is  a  seam  of  coal  8  yards  thick,  which  is 
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worked  in  the  method  shown  in  Fig.  239.  The  headings  are 
made  in  the  bottom  of  the  seam.  When  the  stalls  are  cut  up  to 
the  roof,  they  are  timbered  with  props  and  bars.  No  coal  is  left 
in  the  mine  intentionally,  and  it  is  said  by  the  managers  that 
nine-tenths  of  the  coal  is  extracted. 

In  the  south  of  France,  in  the  district  of  Grand  Combe,  there 
is  a  seam  of  coal  about  2 1  feet  thick,  lying  at  a  moderate  inclina- 


Fig.  239.  — Method  of  working  Silesian  thick  coal. 

tion.  This  coal  is  worked  long  wall  (see  Fig.  240).  In  the  first 
place,  workings  are  set  out  in  the  lower  portion  of  the  seam, 
taking  a  thickness  of  about  7  feet  In  the  main  road  is  a  cross- 
gate  to  the  right ;  this  has  ten  branch  gates,  10  yards'  distance 
apart  from  centre  to  centre.  The  packs  are  made  with  stone 
sent  down  a  drop  pit  from  a  quarry  on  the  surface.  From  the 
bottom  of  this  pit  into  the  working  places  the  gradient  is  down- 
hill, so  that  the  stone  waggon  runs  without  any  power  required 
for  haulage.  When  it  has  been  emptied  of  stone  it  is  filled  with 
coal,  and  this  goes  down  the  cross-gate  into  the  haulage  road,  the 
gradient  of  which  is  towards  the  winding  shaft,  where  it  is  raised 
to  the  surface.  The  weight  of  the  superincumbent  strata  con- 
solidates the  packs,  and  a  new  cross-gate  is  built  at  a  distance  of 
say  80  to  100  yards  from  the  first  one.  At  the  same  time  that 
the  pack  is  consolidated,  the  floor  of  the  seam  is  heaved  up,  and 
the  old  roads  become  closed.  The  roof  of  the  first  cross-gate  is 
now  cut  down,  and  it  forms   a  road  in  a  layer  of  coal  7  feet 
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thick  just  above  the  old  workings,  and  gates  are  started  in  this 
upper  layer  and  carried  forward  above  the  old  gob.     In  a  similar 
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Fig.  240. — Grand  Combe  (France),     i,  stalls  ;  2,  cross-gates. ' 


way  a  third  set  of  stalls  is 
made  in  the  top  part  of  the 
seam,  also  7  feet  thick.  In 
this  way  the  whole  of  the  2 1 
feet  is  got  without  waste, 
none  of  the  coal  is  left  in  the 
pit,  and  the  whole  place  is 
tightly  stowed  with  stone 
from  the  surface.  This 
method  of  working  is  very 
good;  the  cost  of  stowing  a 
working  place  with  stone 
obtained  from  the  surface  is 
said  to  be  in  some  cases 
about  zod.  a  ton  of  coal  got. 

In  the  St.  Etienne  Coal- 
field, near  the  centre  of 
France,  there  is  a  seam  of 
coal  about  60  feet  thick, 
which  lies  at  a  steep  incli- 
nation, about   500  from  the 


Fig.  241. 


-Cross-section  of  thick  coal  (St. 
Etienne). 
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horizontal.  This  coal  is  got  by  means  of  vertical  shafts  and 
cross-cuts  (see  Fig.  241).  These  stone  cross-cuts  are  about  36 
yards,  one  below  the  other.  From  the  cross-cut  an  incline  is 
driven  up  in  the  coal,  and  a  layer  of  coal  about  7  feet  thick  is 
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Fig.  242. — Longitudinal  section  of  La  Beraudier 
Colliery,  St.  Etienne. 


Fig.  243. — Cross-section  of  thick-coal  workings 
(St.  Etienne),  enlarged  scale.  i,  inclined 
planes ;  hatched  lines  show  solid  coal.  2-4  was 
11  metres,  and  is  now  squeezed  into  8  metres. 


worked  on  the  level  across  the  seam  from  the  roof  to  the  floor; 
a  central  road  is  taken  along  the  seam,  and  stalls  started  right 
and  left,  as  shown  in  the  plan.     These  stalls  are  stowed  with 

dirt.  When  this  layer  is 
worked  out,  another  layer 
of  equal  thickness  is  got 
below  under  the  old  gob, 
and  so  on  until  the  whole 
36  yards  of  thickness  is 
worked  out  (see  plan, 
Fig.  244,  and  sections, 
Figs.  242,  243).  The 
stone  is  brought  down  a 
drop  pit,  and  is  lowered  down  a  gentle  gradient  into  the  working 
places.  The  empty  stone  waggon  is  then  filled  with  coal,  and 
again  sent  downhill  to  the  winding  shaft. 

In  Pennsylvania  there  is  a  splendid  seam  of  anthracite,  called 
the  Mammoth  Vein.  The  strata  are  much  contorted,  and  the 
seam  is  in  some  places  level,  and  in  others  vertical.  The  seam  is 
worked  by  taking  wide  "  breasts "  up  the  hill,  leaving  pillars 
between,  as  shown  in  Figs.  245  and  246,  cross-section  and 
elevation.     The  seam  here  shown  is  60  feet  thick,  lying  at  an 


Fig.  244. — Horizontal  plan.  The  roads  are  driven 
zigzag,  so  that  those  above  are  over  solid  coal, 
and  not  over  roads  below,  except  at  the  crossings. 
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angle  of  about  6o°  from  the  horizontal.  The  breasts  of  work  are 
about  12  yards  in  width,  leaving  a  pillar  10  yards  between.  By 
means  of  timbering  on  each  side  of  the  breast,  a  covered  way  is 
made  for  the  workmen  up  and  down.  The  coal  is  got  down  from 
the  top,  and  falls  in  a  heap  under  the  workmen.  A  short  heading 
leads  from  the  bottom  of  the  breast  to  the  waggon-way ;  the  coal 
falls  down  a  slide  laid  in  this  heading  into  the  waggons  in  the 
waggon-way.     It  can  be  stopped  by  means  of  a  shutter ;  some- 


Fig.  245. — Double  shute  breast  with 
batteries,  steep  dip  :  cross-section. 


Fig.  246. — Ditto  :  elevation. 


times  the  coal  at  the  face  of  the  breast  will  come  down  without 
any  working,  and  falls  into  the  waggon  by  means  of  the  shoot. 

Vertical  Coal-seams. — Coal-seams  of  moderate  thickness, 
and  lying  at  a  very  steep  inclination,  are  worked  in  the  method 
shown  in  the  longitudinal  section  (see  Fig.  247).  Here  the 
lowest  level  is  timbered,  and  on  the  timbers  another  set  of  work- 
men can  stand  some  yards  back  from  the  face  of  the  first  level ; 
this  place  is  again  timbered,  and  other  men  standing  on  these 
timbers  work  the  coal  above,  and  so  on.  Stone  from  the  sides  is 
filled  in  on  the  timbers,  so  that  the  space  between  the  gates  is 
filled  up  with  dirt.  Shoots,  down  which  the  coal  is  thrown,  are 
kept  open  by  planks  nailed  to  cross-bars.  The  bottom  of  the 
shoot  can  be  closed  by  a  wooden  slide ;  when  this  is  opened,  the 
coal  falls  out  into  the  waggon  below. 

Very  Thin  Seams  of  Coal. — In  working  very  thin  seams  it 
is  necessary  to  cut  away  some  of  the  strata,  either  from  the  roof 
or  from  the  floor,  to  make  roadways  of  sufficient  height;  the  cost 
of  the  roads  is  therefore  increased.     Sometimes  the  main  roads 
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are  made  a  good  height,  say  6  feet,  and  large  waggons  pass  along 
these ;  the  branch  roads  are  made  no  thicker  than  the  seam,  say 


Fig.  247.— Method  of  working  a  thin  vertical  seam. 

2  feet,  and  small  boxes  are  filled  with  coal  and  drawn  down  the 

branch  gate  and  emptied  into  the  waggon  (see  Fig.   248).     In 

many  places  these  boxes  slide  along  on  runners  like  a  sledge ;  in 

^  others,  rails  are  laid, 

s^C^   ^^ .— _  _  _     - .       -,  and    the   boxes  have 

small  wheels.  In  some 
mines  small  boxes  on 
wheels  go  from  the 
face  to  the  winding 
shaft,  and  no  large 
waggons  are  employed. 
Warwickshire 
Thick  Coal.— In  the 
southern  part  of  the 
Warwickshire  Coal-field  six  seams  of  coal  come  close  together, 
making,  with  the  dirt-beds  which  separate  them,  a  total  thickness 
of  about  34  feet,  of  which,  however,  only  20  feet  is  got.  They  lie 
at  a  moderate  inclination,  as  shown  in  Fig.  249.  These  seams 
are  worked  longwall,  the  workings  in  the  lowest  best  being  in 
advance,  and  the  other  faces  of  work  following.  These  workings 
are  liable  to  spontaneous  combustion.  Most  of  the  collieries  are 
now  getting  "  dip "  coal  in  the  following  manner.  A  pair  of 
headings  are  driven  down  to  the  dip  boundary,  and  then  opened 


t    --SZLJ, 
Fig.  248. — Section  of  gate  road  in  thin  seam. 
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out  on  each  side  to  a  distance  of  perhaps  roo  or  200  yards. 
Workings  are  then  brought  back  as  in  a  longwall  face,  beginning 
in  the  bottom  seam,  building  the  dirt  into  packs  behind,  and  main- 
taining a  road  along  the  face  to  fetch  the  coal  from  the  further 
end.  Behind  this  face  a  similar  one  is  opened  out  in  the  seam 
above ;  and,  20  yards  behind  that,  another  face  in  the  third  seam  ; 


Fig.  249. — Section  through  working  places  in  four  contiguous  seams  (Warwickshire 
Coal-field). 

and,  20  yards  further  back,  a  fourth  face  in  the  top  seam.  The 
air  is  brought  down  one  of  the  headings,  is  turned  to  the  left 
along  two  of  the  leading  faces,  goes  down  an  air-road  connecting 
the  working  faces  at  the  side,  returns  along  the  lower  face  to  the 
other  side,  then  back 
along  the  two  upper  faces 
to  the  return  air-road. 
The  dip  workings  are 
allowed  to  fill  with  water. 

Bristol  Coal-field. 
— In  the  Bristol  Coal- 
field a  method  of  working 
is  adopted  shown  in  Fig. 
250.1  This  represents  a 
level  started  out  of  a  dip 
incline.  The  stalls  are 
14  yards  wide ;  gate  roads 
are  packed  with  dirt.  The  thickness  of  the  coal  is  about  3  feet. 
At  the  corner  of  each  gate  road  a  4-feet-square  pack  of  timber  is 
placed.  The  coal  is  brought  down  the  gates  in  sledges,  and 
tipped  into  a  waggon  on  the  level.  From  the  cross-gate  to  the 
lower  level  the  roof  is  ripped  for  a  jig  road. 

Varieties  of  Working. — In  many  cases  the  longwall  face  is 
not  carried  in  a  straight  line,  but  one  stall  is  in  advance  of  the 
next,  so  that  the  line  of  face  is  in  steps,  as  shown  in  Fig.  251. 
In  this  case  the  seam  of  coal  is  5  feet  thick,  lying  nearly  level. 
The  face  is  supported  by  props  and  by  timber  chocks  about 
2  feet  square ;  the  dirt  is  built  into  packs  behind  the  timber  and 
along  the  side  of  the  gate  and  air-way ;  each  stall  is  about  30  yards. 

In  coal-mines  where  the  seam  has  a  considerable  inclination, 
as  in  Fig.  252  (which  shows  in  sectional  elevation  a  longwall 

1  Paper  by  Dr.  Saise,  North  of  England  Institute. 


Great  vein  (Bristol  Coal-field). 
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Fig.  751.- 


-Yorkshire  Colliery :  longwall 
face  in  steps. 


working  place  at  a  colliery  near  Liege;  Figs.  253  and  254  show 
some  kinds  of  maundrils  used  in  Belgium),  the  coal,  after  it  is  cut, 

slides  downhill  to  the  waggon- 
way,  where  it  is  loaded  into  the 
waggon. 

Jn  some  Pennsylvanian  mines 
headings  are  driven  out  in  the 
coal,  leaving  pillars  15  or  20 
yards  wide.  The  pillars  are  then 
worked  back,  the  roof  breaking 
down  behind;  the  dip  being 
rather  steep,  the  coal  is  sent 
down  a  sheet-iron  tube  called  a 
"  schute." 

In  Bohemia  a  seam  of  brown 
coal  is  got  30  or  40  feet  in 
thickness,  lying  at  a  moderate 
inclination.  Levels  are  driven 
out  in  the  bottom  of  the  seam, 
leaving  a  pillar  about  25  yards 
wide;  this  pillar  is 
worked  by  driving  a 
stall  across  it  about 
7  yards  wide,  leav- 
ing a  rib  next  the 
goaf  4  yards  wide. 
This  stall  is  only 
taken  in  the  lower 
part  of  the  seam,  the 
coal  above  being 
supported  by  props. 
In  working  back,  the 
props  are  sometimes 
removed  in  a  rather 
interesting  manner. 
Dynamite  cartridges 
are  tied  to  the  top 
of  some  of  the  props, 
and  discharged  by  a 
fuse.  The  props  are 
thus  '  knocked  out, 
and  the  shock  also 
shakes  the  coal  so 
that  it  falls  down  in  a 


Fig.  252. — Section  across  level  gates,  showing  longwall 
working  place  in  steep  measures. 


great  heap,  giving  the  fillers  sufficient  occupation  for  several  days. 
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In  many  districts  a  modified  system  of  pillar-and-stall,  known 
as  wide-banks,  is  adopted;  this  is  shown  in  Fig.  255.  In  this 
case  the  banks  are  about  20  yards  wide,  leaving  pillars  of  about 
the  same  width.  Cross-cuts  are  cut 
through  for  ventilation  about  every  20  to 
40  yards ;  a  pack  is  built  along  each  side 
of  the  stall,  as  shown  in  the  section  in  the 
figure,  forming  a  waggon-way;  the  roof 
is  allowed  to  break  down  between  the 
packs.  The  pillars  are  afterwards  "brought 
back  "  by  means  of  the  same  waggon-way. 
This  system  is  adopted  in  seams  of  various 
thicknesses  from  4  up  to  8  or  9  feet. 

Metalliferous  Mines.— The  work- 
ing of  metalliferous  mines  may  be  understood  by  reference  to 
Fig.  256,  which  shows  a  vertical  section  of  a  copper-mine,  such 
vertical  section  corresponding  to  the  plan  of  a  level  mine.  It  is 
seen  that  the  mine  is  got  by  vertical  or  nearly  vertical  roads 
called  shafts,  and  by  levels  and   by  intermediate  vertical  shafts 


Figs.  253,  254. — Maundrils  used 
in  Belgium. 


1  Solid  coal. 

2  Chocks  or  cogs. 

-^  ^  Air-crossing. 

Arrows  show  current  of  air. 


or  cross-cuts  called  winzes.  Workings  are  also  made  upwards 
from  the  levels  called  stopes,  as  shown  shaded  on  the  section. 
Pillars  are  left  near  the  shafts  to  prevent  them  from  being 
crushed.  These  stopes  are  made  in  the  ore  which  the  mine- 
manager  considers  most  profitable. 

In  some  cases  the  whole  of  the  vein  is  got,  in  others  only  a 
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small  portion.  A  stope  is  shown  on  a  larger  scale  in  the  vertical 
section  Fig.  257,  which  is  sketched  from  a  gold-mine  in  North 
Wales.     The  mineral  is  got  by  blasting ;  the  workmen  above  the 


Fig.  256. — Longitudinal  section  of  copper-mine. 

bottom  level  stand  on  timbers  wedged  across  the  vein,  over  which 
planks  are  laid,  so  as  to  protect  the  workmen  below.  Sometimes 
the  stopes  are  made  downwards  from  the  level,  as  shown  in  the 

vertical  section  Fig.  2  58: 
IP|  


this  is  taken  from  a  Cor- 
nish tin-mine.  In  this  case 
the  levels  are  60  feet,  or 
10  fathoms,  apart ;  the  vein 
is  here  about  20  feet  thick, 
of  exceedingly  hard  rock, 
through  which  the  tin  ore 
is  disseminated  in  minute 
particles.  Compressed-air 
power  drills  are  used 
for  heading;  hand-hammer 
drills  are  used  in  the 
stopes.  The  ore  is  thrown 
down  a  shoot  into  the 
waggon,  which  is  run  to  the  shaft,  and  there  tipped  into  a  hopper. 
It  is  drawn  up  the  shaft  in  a  hutch,  which  is  filled  from  the 
hopper  by  drawing  a  slide.  Cross-cut  drifts  are  driven  from  one 
vein  to  another,  as  in  Fig.  259,  which  is  a  section  showing  the 
veins  and  works  of  a  gold-mine ;  a  similar  plan  is  adopted  in 
most  metalliferous  mines. 

Salt-mines. — Rock-salt  is  extensively  mined  in  various  coun- 
tries ;  in  England  it  is  got  at  Northwich,  in  Cheshire,  on  the  pillar- 


Fig.  257. — Gold-mine  :  longitudinal  section  of 
workings. 
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and-stall  system,  as  shown  in  section  Fig.  35,  and  in  plan  Fig.  260. 
The  salt  here  lies  in  two  beds,  each. about  25  yards  thick.  In  the 
mine  shown  in  the  figures  the  lower  bed  only  now  is  at  work,  and 
of  this  only  the  lower  7  yards  are  being  mined.  The  pillars  are  left 
12  yards  square  in  rows  25  yards  apart ;  the  depth  to  the  bottom  of 
the  mine  is  no  yards.    Although  the  pillars  only  constitute  about 


if 

^  Fig.  258.— Method  of  mining  tin  near  Redruth. 

I 


one-tenth  of  the  area  of  the  mine,  and  have  a  pressure  of  nearly 
3000  lbs.  on  the  square  inch,  they  show  no  signs  of  crushing. 
A  coal-cutting  machine,  driven  by  compressed  air,  is  used  for 
holing  on  the  top  cutting.  After  holing,  the  salt  rock  is  got  down 
by  blasting,  and  the  lower  part  of  the  seam  is  got  up  by  blasting. 
The  shafts  are  tubbed  through  the  boulder  sand  to  keep  out  the 
water. 
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Slate  Quarries  and  Mines.- 

portant  industry  in  North  Wales. 
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-Slate-quarrying  is  a  very  im- 
At  the  celebrated  Penrhyn 

I 

I 

rO/>       CUTTING I*  # 

v///////777////////////s7Zy//, 

SOLID     SALT     ROCK 

Fig.  259.— Sketch  showing  situation  of  a  gold-mine       Fig.  260. — Northwich  Salt-mine :  plan  of 
in  North  Wales.  a  part. 

Slate-quarry  there  is  an  open  hole,  a  photograph  of  which  is  shown 
in  Fig.  261.     This  hole  is  worked  to  a  depth  of  900  feet  from  the 
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Fig.  261. — Penthyn  Slate-quarry. 


upper  workings  down  to  the  lowest  workings.     There  are  fourteen 
or  fifteen  terraces,  each  60  feet  high,  and  from  10  to  20  yards  wide. 
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There  is  a  railway  on  each  terrace,  and  branches  to  every  place 
where  the  men  are  at  work.  The  slate  is  got  by  blasting,  gun- 
powder being  used,  except  in  hard  places,  where  gelatine  is  used ; 
the  shots  break  the  slate  off  along  invisible  lines  of  fracture 
called  pillaring  lines,  which  are  at  right  angles  to  the  planes  of 
cleavage.  Every  terrace  is  connected  by  a  tunnel  with  a  winding 
shaft.  The  mine  (quarry)  is  in  several  divisions,  so  that  the  whole 
cannot  be  seen  at  a  glance.  One  thousand  seven  hundred  men 
and  boys  are  employed  at  the  quarry ;  every  hour  a  horn  is  blown, 
when  the  men  go  into  refuge-places,  and  the  shots  are  fired.  The 
beds  are  inclined  at  an  angle  of  say  30°  or  400  from  the  hori- 
zontal. The  lower  workings  are  drained  by  two  hydraulic  pump- 
ing-engines,  the  water  pressure  being  about  70  lbs.  Each  engine 
has  three  cylinders  and  three  bucket-pumps.     The  buckets  are 


Fig.  262. — Section  of  quarry  and  shafts.      A,  Hydraulic  pumping-engine ; 
B,  winding  machinery. 


14  inches  in  diameter,  with  a  4-feet  stroke ;  they  deliver  the 
water  into  'a  level  which  is  50  yards  above  the  bottom  of  the 
quarry.  The  shaft  is  sunk  in  a  rock  locally  called  "  granite," 
which  is  below  the  slate-beds.  There  are  enormous  heaps  of 
waste  slate,  only  about  one-tenth  of  the  entire  production  being 
made  into  marketable  slates.  Fig.  262  shows  a  section  of  the 
quarry  and  shafts. 

In  the  neighbourhood  of  Ffestiniog,  the  slate  is  extensively 
got  by  underground  workings  reached  by  levels  driven  under  the 
mountains,  the  workings  being  sometimes  rooo  feet  below  the 
surface. 

Fig.  263  is  a  section  of  a  working  place.  This  shows  two  veins  : 
the  old  vein,  46  yards  thick,  has  a  roof  of  chert,  a  hard  siliceous 


182 


MINING. 


rock;  and  the  new  vein  below,  26  yards  thick,  separated  by  a  bed 
of  chert  2  yards  thick.  The  beds  lie  at  an  inclination  of  220  from 
the  horizontal.  The  cleavage  planes  are  at  an  inclination  of  340 
from  the  horizontal.  The  mode  of  working  is  pillar-and-stall ;  the 
stalls  are  called  breasts,  and  are  45  feet  wide,  the  pillars  24  feet 

wide ;  the  levels  are  about 


55  feet  vertical  distances 
apart.  The  slate  is  got  by 
blasting;  the  blast-hole  is 
made   with   a  f-inch    drilL 


The  hole  is  filled  with  pow- 
der rather  smaller-grained 
than  ordinary  blasting- 
powder.  Very  little  tamp- 
ing is  done  on  the  top,  or 
else  the  slate  would  be  shat- 
tered. The  position  of  the 
hole  is  shown  in  Fig.  264. 
The  shot,  a,  breaks  off  the  slate  along  the  pillaring  line,  c  d.  One 
end  of  the  piece  of  slate  is  already  loose  from  the  previous  blast, 
and  the  other  breaks  off  along  the  natural  joint.     The  bottom 

of    the     block    separates 


Fig.  263.— Section  of  working  place. 
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Fig.  264. — Slate-mine  :  blast-hole. 


from  the  mass  along  one 
of  the  planes  of  cleavage, 
as  shown  in  the  section. 
It  will  be  seen  from  this 
figure  that  slate  (and  in- 
deed every  other  mineral) 
has  to  be  separated  from 
These  three  planes,  in  the 
the  pillaring  line,  and  the 


the  mass  along  lines  in  three  planes. 

case  of  slate,  are,  the  natural  joint, 

cleavage  line ;  and  the  separation  of  the  lumps  from  the  mass  is 

facilitated  by  the  previous  operation  having  set  free  one  end  and 

the  upper  surface. 

Hydraulic  Mining. — Gold  is  often  found  disseminated  in 
the  diluvial  deposit  of  old  river-beds.  In  order  to  reduce  the 
labour  of  excavating  the  material  and  washing  it,  water  is  brought 
in  wrought-iron  or  steel  pipes  from  so.me  high  level,  and  is  then 
directed  through  a  nozzle  upon  the  bank  (see  Fig.  265,  which  is 
a  photograph  taken  by  the  writer  in  Colorado).  The  jet  of  water 
issues  with  such  force  that  it  knocks  down  fragments  from  the 
bank,  which  are  carried  away  in  the  stream"  and  down  wooden 
troughs,  where  the  gold  is  separated  from  the  dirt.  It  is  said  that 
this  process  can  be  profitably  applied  if  the  amount  of  gold  in 
1  cubic  yard  of  bank  is  worth  5^.     This  is  a  remarkable  instance 
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of  economy  of  working,  because,  whilst  the  rate  of  wages  in  the 
Western  States  is  a  great  deal  higher  than  in  Europe,  5^.  would 
be  a  very  low  price  even  here  for  merely  shifting  a  cubic  yard  of 
material. 


Fig.  265. — Hydraulic  gold-mining. 
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CHAPTER   VIII. 

VENTILATION  :    DOORS,     OVERCASTS,     BRATTICE,    PIPES,    FURNACES, 
FANS  :   THEORY. 

Both  by  law  and  by  circumstance,  it  is  necessary  to  produce 
sufficient  ventilation  in  the  mine  to  dilute  and  render  harmless 
the  noxious  gases.  It  is,  however,  easy  to  produce  a  current  of 
air  in  any  place  which  has  an  inlet  and  an  outlet,  as  in  a  dwelling- 
room,  where  an  open  window  may  serve  for  the  inlet,  and  a 
chimney  for  the  outlet.  For  the  ventilation  of  mines  it  is  neces- 
sary to  have  a  similar  inlet  and  outlet ;  it  may  be  made  either  by 
levels,  inclines,  or  vertical  shafts.  The  same  principle  is  observed 
throughout  the  whole  mine,  which  is  divided  into  inlets,  technically 
called  "  intakes,"  and  outlets,  technically  called  "returns."  These 
intakes  and  returns  are  separated  by  a  pillar  of  the  mineral  worked, 
or  of  the  strata  in  the  case  of  cross-measure  drifts,  or  by  packs. 
In  order  that  the  air  may  pass  from  the  intake  to  the  return,  it  is 
necessary  to  make  a  cross-road  connecting  them,  and  the  circuit 
of  ventilation  is  then  complete  so  far  as  this  cross-cut. 

Brattice. — As  for  that  part  of  the  main  road  which  continues 
beyond  the  cross-cut,  there  is  no  thorough  current  of  air;  it  is, 
therefore,  necessary  to  divide  this  road  (such  road  being  locally 
called  a  heading,  drift,  bord,  end,  stall,  etc.)  by  some  artificial 
partition  technically  called  brattice  (see  Figs.  266  to  270).  This  may 
be  made  by  erecting  woo  den  posts,  either  in  the  centre  or  a  little 
nearer  to  one  side,  down  the  length  of  the  road,  and  nailing  from 
post  to  post  boards,  say  £  inch  thick.  This  brattice  is  con- 
nected with  the  side  of  the  road  before  the  cross-cut  is  reached  ; 
the  air  must  now  pass  up  one  side  of  the  brattice  to  the  end  of 
the  road,  and  then  down  the  other  side,  and  so  through  the  cross- 
cut, and  then  up  inside  the  brattice  of  the  second  road,  returning 
on  the  outside.  Cloth  is  now  generally  substituted  for  wood 
(Fig.  267) ;  this  cloth  is  frequently  a  very  coarse  canvas,  with  some 
tar  to  save  it  from  decaying ;  oilcloth  is  often  used,  which  is  less 
pervious  to  air.  When  cloth  is  used,  a  wooden  lath  is  nailed 
against  the  roof  from  post  to  post,  the  cloth  being  nailed  to  this 
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lath,  any  cavities  above  the  roof  being  stuffed  with  bits  of  cloth 
or  other  soft  material ;  the  lower  end  of  the  cloth  is  buried  in 
slack  or  dirt.  If  this  brattice  is  carefully  fixed  against  a  smooth 
roof,  and  the  cloth  nailed  tight  to  a  post  at  every  joint,  and  has  a 
good  air-space,  say  not  less  than  3  feet  on  each  side,  it  will  carry 
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Fig.  266. 
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Fig.  267. 
Figs.  266,  267.— Methods  of  bratticing. 

a  good  ventilating  current  up  to  the  face  of  the  road  or  heading 
for  a  short  distance.  It  will,  however,  only  be  by  the  exercise 
of  the  utmost  care  in  fitting  the  joints  of  the  cloth  nailed  at  a 
post,  that  a  good  current  can  be  carried  for  a  distance  of  50 
yards.  In  the  case  of  some  very  fiery  headings,  it  is  difficult  to 
take  a  sufficient  quantity  of  air  even  that  distance ;  it  is,  therefore, 
necessary  to  put  in  the  cross-cuts  more  frequently,  say  every  20 
or  30  yards.  In  the  case  of  some  thick  seams 
of  coal,  a  brick  brattice  is  used  (Fig.  268) ; 
here  the  brick  wall  is  turned  in  the  shape  of 
the  quadrant  of  a  circle  over  one  corner  of  the 
heading,  the  cross-cuts  being  at  distances  of  say 
from  50  to  100  yards,  the  bricks  being  pulled 
down  and  rebuilt.  When  it  is  desired  to  take 
a  heading  a  long  distance  without  a  cross-cut,  a  brick  wall  is  built 
from  floor  to  roof,  forming  practically  two  roads  (Fig.  269).  If 
the  top  of  the  drift  is  too  high  and  rough,  the  wall  may  be  carried 
to  a  height  of  5  or  6  feet,  and  boards  placed  across  from  this  wall 
to  the  side  of  the  heading,  supported  on  a  longitudinal  bearer ; 
the  top  of  the  boards  is  then  covered  with  mortar,  and  the  joints 
with  the  sides  of  the  heading  made  with  mortar  (see  Fig.  270). 

Air-pipes. — Instead  of  brattice  air-pipes  are  often  used  (Fig. 
271);  they  may  be  made  of  wood  of  any  required  dimensions, 
say  from  12  inches  square  inside  up  to  4  feet  by  2  feet.  A 
wooden  socket  is  formed  at  one  end  of  each  pipe,  into  which  the 


Fig.  268.— Bratticed 
brick  quadrant. 
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other  pipe  fixes,  made  tight  with  packing.  Circular  pipes  of 
cloth  are  often  used;  light  rings  of  wood  or  iron  distend  the 
icloth ;  this  pipe  is  suspended  by  strings  or  wires  from  the  roof. 
A  cloth  pipe  is,  of  course,  more  leaky  than  a  well-made  wooden 
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Fig.  269. — Bratticed  brick  wall. 


Fig.  270. — Bratticed  brick  wall, 
covered. 


pipe,  and  will,  therefore,  not  take  the  current  so  far.  Iron  pipes 
are  perhaps  more  generally  employed  than  any  other  kind; 
these  are  made  of  sheet  iron,  with  a  longitudinal  riveted  seam, 
the   iron    being    sufficiently   thick — say  -£$  inch,    or   more — to 
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Fig.  271. — Air-pipes. 

keep  its  shape.  One  end  of  each  pipe  is  slightly  tapered  and 
fits  into  the  larger  end  of  the  next  pipe ;  it  should  be  tight  with- 
out packing,  but  the  joint  may  be  covered  with  a  large  flat 
indiarubber  ring  outside.  These  pipes  may  be  laid  on  the  side 
of  the  road,  or  suspended  by  wires  from  the  bars. 

Care  required  in  using  Air-pipes. — Pipes  are  often  more 
convenient   than   brattice,  but   they   must  be   used   with  great 
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discretion  if  the  ventilation  is  to  be  efficient.  Take  the  case  of 
a  heading  divided  by  brattice.  The  road  is  6  feet  high  and  10  feet 
wide ;  the  brattice  near  the  centre  has  a  return  air-way  of  6  X  4 
=  24  square  feet  Suppose,  now,  an  air-pipe  14  inches  internal 
diameter  is  used  ;  it  has  an  area  of  only  1  square  foot,  or  -^  that 
of  the  brattice.  If,  therefore,  the  pipe  is  so  arranged  that  the 
intake  air  is  blown  through  the  pipe  to  the  face  of  the  heading, 
the  small  current  so  delivered,  reaching  into  the  face  and  to  the 
top,  may  clear  away  the  gas  so  that  little  can  be  detected  upon 
examination.  But  all  along  the  sides  of  the  heading  gas  may 
exude,  and  10  yards  back  from  the  face  there  may  be  an  explosive 
atmosphere  (see  Fig.  272);  this  could  not  happen  with  brattice, 
because,  owing  to  the  leakage  of  air  through,  over,  and  under  the 


Fig.  272. — Application  of  brattice  and  air-pipes. 

cloth,  the  face  of  the  heading  is  always  the  part  least  likely  to  be 
ventilated,  and  if  that  is  clear  all  else  will  be  safe  (see  Fig.  272). 
The  danger  caused  by  a  small  pipe  may  to  some  extent  be 
remedied  by  using  a  large  pipe,  say  20  inches  in  diameter ;  and 
not  merely  one  line  of  pipes,  but  two,  three,  or  even  four,  laid 
one  above  the  other. 

Method  of  fixing  Pipes  and  Brattices— Fig.  273  shows 
some  bratticed  levels  in  a  seam  of  moderate  inclination;  the 
arrangement  of  brattice  indicated  is  bad.  Fig.  274  shows  an 
improvement;  it  will  be  noted  that  in  this  case  the  lowest  level 
is  in  advance  of  the  second  one,  and  that  is  in  advance  of  the 
third  one.  The  cross-cuts  are  so  set  out  that  they  arrive  at  the 
place  of  junction  just  as  the  level  reaches  the  same  place ;  in  this 
way  the  length  of  brattice  is  reduced  to  a  minimum.     In  the 
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second  arrangement  there  is  less  hindrance  to  the  air,  and  conse- 
quently a  greater  volume  is  conveyed  to  the  end  of  headings. 
Fig.  275  shows  an  arrangement  of  air-pipes  which  is  bad ;  it  will 
be  observed  that  the  air  returns  from  the  face  of  the  lower  level 
through  a  pipe  which  passes  up  the  cross-cut  to  the  face  of  the 
level  above,  where  it  delivers  the  air  which  has  been  already 
fouled  with   gas    from  the   lower  level.      Fig.    275a   shows  an 


y#M«a»»/M»///////» 


Fig.  273. — Brattice,  bad. 
Length  =  72  ;  Q  =  2200  ;  say  1600  will 
reach  end. 


Fig.  274. — Brattice,  good. 

Length  =  36  ;  Q  =  3200 ;  say  3200  will 

reach  end. 


improved  arrangement.  Here  the  air-pipe  from  the  lower  level 
delivers  the  air  through  a  cloth  or  other  stopping  at  the  bottom 
of  the  cross-cut ;  the  supply  for  the  upper  level  is  taken  by  another 
pipe  from  the  intake  side  of  the  stopping,  and  delivered  into  the 
face  of  the  upper  level ;  thus  each  level  has  a  supply  of  fresh  air. 
The  length  of  pipe  employed  in  each  case  is  the  same,  but  the 
resistance  to  the  air-current  is  less  in  the  second  case,  because 


Fig.  275. 


Fig.  276. 


Fig.  275a. 

Fig.  275. — Air-pipes,  bad  ;  Q  =  260. 
Fig.  275a. — Ditto,  good  ;  Q  =  750. 


Fig.  276a. 

Fig.  276. — Air-pipes,  bad  ;  Q  =  200. 
Fig.  276a. — Ditto,  good  ;  Q  =  900. 


there  are  two  pipes  instead  of  one.  Fig.  276  shows  another 
arrangement  of  air-pipes  which  is  bad,  and  Fig.  276a  shows  a 
rearrangement  of  the  air-pipes  which  is  good.  Fig.  277  shows  a 
case  where  a  number  of  stalls  are  started  uphill  from  a  pair  of 
levels ;  if  all  these  stalls  were  ventilated  by  brattice,  it  might  be 
done  in  the  way  ,  shown.  Here  each  stall  is  divided  with  a 
brattice  which  crosses  the  upper  level,  so  that  the  level  is  obstructed 
with  a  brattice  for  every  stall  that  is  started ;  on  the  other  hand, 
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if  the  stalls  are,  say,  12  feet  wide,  there  is,  allowing  for  the  thick- 
ness of  the  props,  an  air-way  5  feet  wide  all  •  round  the  brattice, 
and  there  is  no  reason  why  there  should  not  be  sufficient 
ventilation.     Suppose  the  same  work  had  to  be  done  by  air-pipes 
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Fig.  277. — Brattice  for  a  number  of  stalls. 


which  were  to  blow  into  the  face  of  heading ;  the  lower  level  must 
then  be  the  intake  road  (see  Fig.  278),  and  there  must  be  a  cross- 
cut opposite  each  stall.  Each  cross-cut  is  closed  with  stopping, 
and  from  this  stopping  one  or  more  air-pipes  carried  across  the 
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Fig.  278. — Air-pipes  for  a  number  ofstalls. 

level  to  the  face  of  heading ;  there  will  thus  be  a  separate  supply 
of  fresh  air  blowing  into  each  heading. 

Doors,  Stoppings,  etc. — It  is  frequently  necessary  to  make, 
as  in  the  above  example  (Fig.  277),  a  passage  through  brattice, 
and  the  opening  is  closed  by  a  door.  This  door  is  usually  in  the 
form  of  a  piece  of  brattice  cloth  nailed  at  the  top  and  loose  at 
the  bottom,  so  that  it  can  be  partly  lifted  and  partly  pushed  on 
one  side. 

In  driving  a  pair  of  roads,  as  each  new  cross-cut  is  made  the 
old  one  requires  to  be  stopped  up ;  a  permanent  stopping  may  be 
made  by  filling  or  half  filling  the  cross-cut  with  dirt,  or  by  building 
a  brick  wall  with  mortar  9  inches  thick.  A  stopping  composed 
of  a  single  wall  would  be  broken  down  in  case  there  was  an 
explosion,  but  a  stopping  composed  of  a  heap  of  dirt  4  or  5  yards 
long  at  the  top  would  not  be  cleared  out.  Stoppings  are 
frequently  made  with  a  brick  wall  at  one  end  of  the  place,  which 
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is  afterwards  partly  or  entirely  filled  with  dirt.  In  fiery  seams  it 
is  desirable  that  the  stoppings  should  not  be  quite  tight,  so  that 
some  air  may  always  draw  through ;  otherwise  each  partially 
filled  cross-cut  would  become  a  little  reservoir  of  explosive  gases. 
A  temporary  stopping  may  be  made  by  nailing  boards  across,  or, 
more  usually,  by  nailing  cloth  across.  If  it  is  necessary  for  the 
conveyance  of  mineral  or  the  passage  of  workmen  to  have  a  door, 
this  may  be  made  by  hanging  a  sheet;  such  a  door  is  necessarily 
leaky,  and  it  is  usual  to  hang  another  sheet  at  a  distance  of  a  few 
yards.  Sometimes  three  such  sheets  may  be  hung  in  one*  cross-cut ; 
each  of  these  canvas  doors  may  be  made  of  a  double  sheet ;  the 
opening  is  in  the  middle.  Where  there  is  a  considerable  pressure 
of  air,  it  is  necessary  to  have  wooden  doors  to  prevent  a  large 
leakage.  These  doors  are  generally  fixed  in  a  wooden  frame,  and 
built  into  a  brick  stopping.  As  a  general  rule,  every  door  should 
be  checked,  so  that  when  it  is  open  there  will  be  no  through 
current ;  that  is  to  say,  there  must  be  a  second  door  which  will 
be  shut  all  the  time  the  first  is  open,  and  this  second  door  must 
be  at  such  a  distance  that  a  horse  with  a  train  of  waggons  may 
rest  between  the  two  doors  when  closed.  Sometimes  a  sheet  is 
hung  instead  of  a  check  door.  Where  the  doors  separate  the 
main  intake  from  the  main  return,  there  should  be  at  least  three 
doors,  each  separated  by  a  sufficient  distance  for  a  horse  and 
train  of  waggons.  In  roadways  connecting  the  intake  and  return 
near  the  pit-bottom,  the  separation  may  be  maintained  by  four  or 
five  doors.  In  case  of  an  explosion,  it  is  probable  that  all  these 
doors  would  be  shattered  and  swept  away.  To  meet  this  con- 
tingency, reserve  doors  are  sometimes  attached  to  the  roof  and 
fastened  open  with  a  latch.  It  is  thought  that  the  blast  would 
pass  under  such  a  door,  so  that  after  the  explosion  it  might  be 
let  down.  It  is  often  necessary  to  divert 
the  main  portion  of  an  air-current  by 
doors,  whilst  allowing  some  to  pass;  a 
sliding  shutter  is  then  placed  either  in 
the  door  or  in  the  stopping  (see  Fig.  279) ; 
this  slide  can  be  adjusted  so  as  to  leave 
an  opening  sufficient  and  then  fastened. 
These  sliding  shutters  are  technically 
called  regulators.  A  regulator  is  very 
conveniently  made  by  hanging  sheets 
across  the  road  so  as  to  hinder  the  cur- 
rent; these  sheets  are  of  comparatively 
little  hindrance  to  the  passage  of  horses,  etc.,  and  are  less  liable 
to  be  left  open.  Every  door  must  be  so  hinged  that  after  it  has 
been  opened  it  will  swing  to  automatically.    Owipg  to  the  squeeze 


Fig.  279. — Regulator  or  scale 
door.  1,  sliding  door ;  2, 
grooves  in  which  door  slides; 
3,  door  swinging  on  hinges  4. 
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of  the  strata,  the  door-frames  are  constantly  pushed  out  of  shape 
and  position,  necessitating  continual  readjustment  of  the  door. 
When  a  driver  approaches  a  door,  he  has  to  leave  his  horse  to 
prop  the  door  open,  and  it  is  evident  that  it  may  occasionally,  if 
rarely,  happen  that  the  door  is  so  left  open.  Where  there  is 
much  traffic  it  is  necessary  to  have  a  door-boy  to  open  and  close 
the  door;  this  is  the  proper  arrangement,  but  for  economy  of 
working  it  is  necessary  to  have  very  few  doors  on  the  haulage 
roads.  It  is  very  frequently  necessary  to  take  one  air-road 
across  another;  this  is  done 
by  air-crossings,  sometimes 
called  overcasts.  The  road 
which  serves  for  haulage  is 
continued  at  the  right  level 
or  gradient;  the  road  which 
is  merely  for  ventilation  is 
taken  over  or  under.  Fig.  280 
shows  an  overcast  of  simple 
contrivance.  Fig.  281  shows  one  composed  of  brick  and  timber, 
the  construction  of  which  will  be  understood  from  the  drawing. 
Two  small  doors  are  shown  leading  into  a  covered  passage,  and 


Fig.  280. — Overcast  in  ground. 


Fig.  281.— Overcast,  brick  and  timber. 

thence  into  the  return  air-way  ;  through  these  waggons  can  be  taken 
to  use  in  air-road  repairs.  Fig.  282  shows  an  air-crossing  made  with 
iron ;  and  Fig.  283  shows  a  temporary  air-crossing  made  by  build- 
ing two  stoppings  in  the  return  and  connecting  them  by  pipes  laid 
across  the  horse-road.  There  must,  of  course,  be  a  door  in  the 
stopping,  or  near,  to  allow  men  to  pass,  if  necessary.     The  use  of 
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overcasts  is  essential  to  the  proper  ventilation  of  a  large  mine. 
Fig.  284  shows  the  arrangement  of  ventilation  at  a  colliery, 
which  is  sufficiently  explained  by  means  of  the  references.  It  will 
be  seen  that  there  are  four  main  air-currents,  or  splits  as  they  are 
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Fig.  282. — Overcast,  iron. 

technically  called;  each  of  these  splits  is  divided  again,  making 
nine  in  all,  so  that  fresh  air  is  brought  to  the  workings  in  nine 
different  places.  Some  of  these  air-currents  traverse  a  shorter 
distance  than  others,  and  an  undue  proportion  of  ventilation 
would  go  into  that  district  were  it  not  for  the  regulator  shown  on 
the  plan.  It  is  sometimes  practicable,  with  a  little  care,  to  arrange 
that  the  ventilating  currents  shall  be  nearly  the  same  length ;  in 

that  case  regulators  are  not 
required,  and  the  air  will 
divide  itself  evenly  through- 
out the  mine  if  all  the  air- 
ways are  the  same  size.  A 
short  difference  in  length 
does  not  materially  affect  the 
amount  of  ventilation,  be- 
cause the  amount  of  ventila- 
tion in  all  air-courses  of 
different  lengths  varies,  not 
'  in  proportion  to  their  lengths, 
but  in  proportion  to  the 
square  root  of  their  lengths. 
Thus  if  one  road  were  10,000 
feet  long,  and  the  other  road  were  6400  feet  long,  each  road 
being  of  the  same  sectional  area  and  connected  with  the  same 
shafts,  then  the  air-current  in  each  would  be  inversely  pro- 
portional to  the  square  roots  of  10,000  and  6400;  that  is  to 
say,  in  the  proportion  of  100  to  80,  the  larger  quantity  passing, 
of  course,  along  the  shorter  road.  If  it  were  desired  to  make 
the  ventilation  more  nearly  equal  in  each  district,  a  few  sheets 
hung  partly  across  the  shorter  road  would  have  that  effect. 
It  will  be  seen,  on  reference  to  the  plan,  that  each  main  split  of 
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the  first  road  requires  an  overcast,  so  that  three  overcasts  are 
required. 

The  ventilation  of  metalliferous  mines  should  be  conducted 
on  the  same  principles  as  those  of  coal-mines,  but  it  has 
frequently  been  very  much  neglected.  The  absence  of  fire-damp, 
which  has  but  rarely  been  discovered  in  metalliferous  mines,  has 
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Fig.  284. — Method  of  working  and  ventilating  a  long-wall  colliery.     ,  roadways  in 

solid  coal;  ==:,  roadways  in  goaf;  -*  r:,  overcasts;  D,  doors;   1,  stoppings;  C, 


cloths ;  R,  regulator. 
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removed  the  main  incentive  to  good  ventilation,  and  miners  have 
been  too  frequently  allowed  to  work  in  an  atmosphere  unfit  to 
breathe.  Where  the  seam  is  very  steep,  as  is  usual  in  metal- 
mines,  the  cross-cuts  are  generally  pits  called  "winzes."  By 
means  of  sheets,  doors,  and  stoppings,  the  air-current  can  easily 
be  directed.  A  good  air-current  is  necessary  for  the  proper  venti- 
lation of  a  metal-mine,  in  order  to  clear  away  the  smoke  from 
explosives,  as  well  as  to  supply  the  men  with  fresh  air  to  breathe. 
Means  of  producing  Ventilation. — No  work  is  ever  done 
without  absorbing  power,  and  some  source  of  this  must  be  dis- 
covered in  every  instance.  In  the  case 
of  mines,  this  power  is  sometimes  in 
the  wind.  At  the  top  of  the  pit  is 
placed  a  large  funnel  (see  Fig.  285), 
which  is  directed  towards  the  quarter 
from  which  the  wind  blows,  and  the  ^P 
pressure  caused  by  the  converging  cur- 
rents in  the  funnel  forces  the  air  down 
the  pipe  into  the  mine.  This  method 
is  employed  in  little  mines  sunk  for 
purposes  of  exploration,  such  as  lead- 
mines.  In  the  case  of  a  mine  yielding 
fire-damp,  this  ventilation  would  be  too  irregular  to  be  safe. 
Another  source  of  power  is  that  of  falling  water.     If  a  pit  were 
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Fig.  285 — Wind-blower. 
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Fig.  286.— Waterfall. 


on  a  hillside  (Fig.  286),  and  drained  by  a  level  from  the  valley, 
a  stream  of  water  might  be  turned  down  the  shaft,  and  in  falling, 
the  water  would  drive  a  current  of  air  into  the  mine,  the  water 

running  off  by  the 
level.  Another  source 
of  power  is  found  in 
the  temperature  of  the 
earth.  The  normal 
temperature  of  the 
earth  in  temperate 
latitudes,  at  a  depth 
of  say  50  feet  from 
the  surface,  is  about 
50°  Fahr.,  and  this 
temperature  is  con- 
stant winter  and  summer.  Nearer  the  surface  the  temperature  may 
vary  slightly  with  the  seasons  ;  below  this  depth  it  increases.  This 
increase  has  been  found  by  observation  to  be  in  many  places 
at  the  rate  of  1°  Fahr.  for  every  60  feet  in  depth  below  the 
50  feet  normal.  Thus  at  a  depth  of  650  feet,  the  temperature  of 
the  strata  would  be  6o°  ;  at  a  depth  of  1250  feet,  70°;  1850  feet, 
80°,  and  so  on.  But  this  increase  of  temperature  is  less  rapid, 
being  in  some  instances  i°  for  every  90  feet ;  and  in  the  case  of  a 
deep  bore-hole  in  the  United  States,  the  temperature  was  found 
to  increase,  down  to  a  depth  of  4500  feet,  as  reported  by  the 
underground  temperature  committee  of  the  British  Association, 
1892,  at  the  rate  of  1°  for  every  65  feet  on  the  average. 

This  increase  of  temperature  is  proportional  to  the  depth  below 
the  surface,  and  not  below  the  sea-level ;  thus,  if  one  shaft  is  sunk 

at  the  sea-level  to  a  depth  of 
1000  feet,  and  at  the  same  place 
a  level  is  driven  under  a  moun- 
tain 1000  feet  high,  the  tempera- 
ture in  each  mine  will  be  the 
same  (see  Fig.  287).  In  the 
British  Isles  the  temperature  of 
the  air  at  the  surface  seldom 
exceeds  60°,  and  therefore  the 
temperature  of  a  mine  1200  feet 
deep  will,  as  a  general  rule,  be 
warmer  than  the  air  even  in  the 
hottest  part  of  summer. 
In  the  case  of  a  mine  with  two  shafts,  it  is  nearly  always  the 
case  that  there  is  a  current  up  one  shaft  and  down  the  other. 
Though  it  may  be  difficult  to  say  what  starts  the  current,  yet,  when 


Fig.  287.— Earth-temperature. 
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once  started,  it  is  easy  to  understand  why  it  should  continue, 
because  the  air  in  the  downcast  will  have  a  temperature  of  say 
500,  and  will  pass  through  a  mine  with  a  temperature  of  say  700, 
therefore  the  air  in  the  upcast  will  have  a  temperature  of  nearly 
700,  and  will  therefore  be  lighter  than  the  air  in  the  downcast. 
This  being  so,  of  course  it  will  continue  to  ascend,  and  the  air 
in  the  downcast  will  continue  to  descend.  It  is  as  if  there  were 
a  pair  of  scales,  and  the  cold  air  were  in  one  scale  and  the  warm 
air  in  the  other,  in  equal  volumes ;  the  cold  air,  being  heavier, 
would  of  course  overbalance  the  light  air,  and  the  scale  containing 
the  light  air  would  go  up.  If,  instead  of  a  mine  1200  feet  deep, 
a  mine  only  100  feet  deep  is  considered,  then  in  winter-time, 
if  a  current  were  by  some  accident  started  in  one  direction,  it 
would  continue  in  that  direction,  because  the  air  in  the  downcast 
would  be  of  say  400  temperature,  the  mine  would  have  a  tem- 
perature of  say  500,  and  the  air  which  passes  through  the  mine 
and  entered  the  upcast  would  have  also  a  temperature  of  50°, 
and  would  warm  the  upcast  shaft.  This  current  would  continue 
until  the  approach  of  summer,  when  the  air  coming  to  the  down- 
cast would  also  have  a  temperature  of  50°,  and  the  mine  is  no 
longer  increasing  the  temperature  of  the  air ;  therefore,  the  down- 
cast being  as  warm  as  the  upcast,  there  is  no  difference  of  weight, 
and  therefore  no  current,  and  the  mine  would  be  unventilated, 
and  work  would  have  to  be  suspended.    In  summer 

summer-time,  however,  there  may  be  natural 
ventilation  in  case  the  two  shafts  are  not 
the  same  depth.  Suppose  one  shaft  was 
sunk  on  a  hill  to  a  depth  of  150  feet,  and 
the  other  shaft  was  sunk  in  the  valley  50 
feet  deep,  the  difference  in  level  between 
the  two  tops  of  the  two  pits  being  100  feet 
(see  Fig.  288) ;  then  a  current  would 
start  down  the  deep  pit,  because  the 
ground  would  cool  the  air,  and  it  would  be 
heavier  than  the  free  air  above  the  top  of 
the  upcast,  and  the  current  of  air  would 
not  cease  until  the  free  air  was  as  cold  as 
the  air  in  the  downcast  shaft. 

The  uncertainty  and  changeableness  of 
natural  ventilation  in  shallow  mines  has  led  to  the  use  of  furnaces, 
by  which  the  temperature  of  the  air  entering  the  upcast  is 
increased,  so  that  even  in  summer-time  it  is  hotter  than  the 
downcast  air ; "  but  in  deep  mines,  where  the  natural  ventilation 
is  constant  all  the  year  round,  it  is  still  insufficient  to  cause  a 
powerful  current  through  a  mine  of  great  extent. 


Fig.  288.  —  Air-currents  in 
shallow  pits,  summer  and 
winter. 
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In  metal-mines  the  workings  do  not  so  often  extend  to  great 
distances  from  the  shaft  as  in  coal-mines,  and  therefore  natural 
ventilation  is  more  common,  but  in  collieries  it  is  now  exceed- 
ingly rare. 

A  simple  fire-lamp,  as  is  shown  in  Fig.  289,  is  sometimes 
used ;  the  lamp  is  filled  with  coal,  and  then  lowered  down  the 
pit,  and  has  to  be  raised  up  again  when  more 
coal  is  required.  This  is  a  convenient  arrange- 
ment sometimes.  A  more  permanent  and  satis- 
factory arrangement  is  shown  in  Fig.  290.  If 
the  shaft  is  used  for  winding  men  or  materials, 
the  furnace  should  not  be  too  close,  or  the 
flames  may  reach  into  the  shaft ;  and  the  smoke- 
drift  from  the  furnace  should  enter  the  shaft 
Fig.  289.— Fire-lamp  not  less  than  20  or  30  yards  from  the  bottom, 
in  order  that,  when  men  are  being  lowered 
down,  they  may  piss  the  smoke-drift  at  considerable  speed. 
Whereas,  if  the  furnace-drift  were  close    to  the  pit-bottom,  the 

heat  would  be  too  great  to  bear 
whilst  the  cage  was  being  slowly 
lowered  to  the  ground. 

Fig.  291  shows  a  design  for 
single  furnace,  the  internal  arch 
6  feet  wide,  and  the  bars  6  feet 
long ;  the  internal  arch  is  made  of 
^fcAai.  fire-brick ;  the  external  arch  is  red 
brick.  There  is  a  clear  space  be- 
tween the  arches  from  9  inches  to 
1  foot  in  width ;  the  current  of  air 
continually  passes  through  these 
spaces.  By  means  of  this  current  the  heat  of  the  furnace  is  pre- 
vented from  passing  to  the  outer  ring  of  brickwork,  and  through 
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Fig.  290.  —  Furnace  and  dumb-drift. 
1,  furnace-drift;  2,  furnace  fed  with 
fresh  air ;  3,  shaft ;  4,  main  returns. 
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Fig.  291. — Ventilating  furnace,     i,  inner  lining  of  firebrick;  2,  space  for  current  of  air; 
3,  outer  lining  of  common  brick;  4,  furnace  bars  and  supports. 
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that  ring  to  the  strata,  to  which  it  might  set  fire.  The  heat 
of  the  smoke-drift  is  not  dangerously  high,  because  of  the  amount 
of  air  mixed  with  the  smoke. 

Fig.  292  shows  a  double  furnace  with  two  fire-brick  arches 
and  a  large  red-brick  arch  over  all.     The  air-current  passes  along 


OF  Dampek  (4-). 

Fig.  292.— Double  ventilating  furnace.  1,  fire-brick  linings ;  2,  common  red  brick ; 
3,  man-hole  and  air-passages  ;  4,  damper  doors  ;  5,  air-holes  ;  6,  arrangement  for 
adjusting  damper  door. 

the  sides  and  over  the  top  of  the  fire-brick  arches ;  the  lifting 
doors  shield  the  furnace-man  from  the  heat  of  the  fire.  Whilst 
one  of  the  furnaces  is  being  cleaned,  the  other  is  at  its  greatest 
heat,  so  that  the  ventilation  is  never  slackened. 

Fig.  293  shows  a  ventilating  furnace  with  a  length  of  bars  of 
30  feet    It  is  fired  at  five  side  doors  ;  by  means  of  these  numerous 
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fire-holes  and  great  length  of  bars,  a  regular  and  intense  heat 
can  be  maintained.  In  some  cases  where  great  ventilating  power 
is  required,  the  furnace  is  fired  from  both  sides.  In  many  mines 
it  is  not  considered  safe  that  the  air  from  the  workings  or  from 
some  portions  of  the  workings  should  pass  through  the  furnace, 
because  it  might  be  mixed  with  explosive  gas.  In  this  case  the 
furnace  is  fed,  either  with  air  from  the  downcast,  or  from  some 
district  which  is  considered  to  be  quite  safe  from  blowers  of  gas ; 
the  rest  of  the  air  is  conveyed  by  a  separate  road  with  a  dumb- 
drift  into  the  shaft  either  below  the  smoke-drift  or  above  it, 
usually  below.  In  this  case  the  air  from  the  workings  is  heated 
by  mixture  with  the  hot  air  and  smoke  that  comes  from  the  furnace. 
When  the  mine  air  enters  the  shaft  below  the  furnace-drift,  it  can 
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Fig.  293. — Range  of  four  furnaces.     1,  fire-doors  ;  2,  fire  bars  and  grates  ;  3,  air-spaces. 

be  used  as  a  winding  shaft.  In  case,  however,  the  dumb-drift 
should  enter  the  upcast  above  the  furnace,  then  the  heat  of  the 
shaft  below  the  dumb-drift  and  above  the  furnace-drift  would  be 
too  great,  perhaps  5000,  so  that  the  shaft  could  not -be  used  as 
a  winding  shaft,  nor  would  it  be  safe  for  any  person  to  enter  the 
shaft  unless  the  furnace  were  quite  out. 

Thirty  years  ago,  ventilation  of  collieries  by  furnaces  was  the 
rule,  and  there  were  only  two  or  three  mines  in  the  country 
ventilated  by  fans.  At  the  present  time,  furnaces  are  in  the  minority 
at  first-class  collieries,  though  they  are  still  numerous. 

The  objections  to  a  furnace  are,  first,  the  possibility  of  danger 


VENTILATION  :    DOORS,  OVERCASTS,   ETC.  190 

from  a  blower  of  gas ;  secondly,  the  inconvenience  of  shaft  repairs, 
if  the  upcast  is  used  for  winding  ;  thirdly,  the  expense  of  the  fuel 
and  labour  of  furnace-men ;  fourthly,  the  corrosion  of  iron  tubbing 
and  damage  to  it  caused  by  the  expansion  and  contraction  due 
to  a  varying  temperature.  In  some  cases,  however,  it  is  con- 
venient to  have  steam  boilers  in  the  pit,  and  the  waste  heat  from 
these  boiler  fires,  if  turned  into  the  upcast,  is  a  most  economical 
way  of  producing  ventilation ;  and  where  there  is  no  danger  from 
fire-damp,  this  is  a  very  good  system.  The  deeper  the  mine  the 
more  efficient  is  the  furnace.  In  a  dry  shaft  the  heat  escapes 
but  slowly  through  the  brickwork,  and  therefore  the  heat,  which 
is  put  into  the  air  at  the  bottom  of  the  upcast,  will,  for  the  most 
part,  remain  in  it  till  it  gets  to  the  top. 

The  ventilating  power  of  an  upcast  shaft  depends  on  the 
difference  in  weight  between  the  air  in  it  and  the  air  in  the  down- 
cast shaft.  Thus,  in  the  case  of  a  mine  iooo  feet  deep,  for  given 
temperatures  there  will  be  a  given  difference  in  weight ;  but  if 
the  depths  of  both  shafts  are  increased  to  2000  feet,  the  average 
temperature  of  each  remaining  the  same,  then  the  difference  in 
the  weights  will  be  doubled,  and  consequently  the  ventilating 
power  of  the  upcast  will  be  doubled ;  but  the  amount  of  fuel 
required  to  heat  the  air  in  the  upcast  will  remain  the  same  if  the 
quantity  of  air  passing  is  the  same. 

Table  VIII.,  p.  200,1  shows  the  weight  of  air  at  various  tem- 
peratures and  barometrical  pressures,  and  also  the  expansion  of 
air  at  equal  pressures  with  increased  temperature. 

By  means  of  this  table,  the  difference  in  weight  between  two 
columns  of  different  temperature  can  be  quickly  ascertained.  It 
will  be  useful  to  bear  in  mind  that,  for  the  purposes  of  furnace 
and  of  mechanical  ventilation,  the  depth  of  the  downcast  shaft  is 
immaterial ;  the  depth  of  the  upcast  only  is  important. 

1  J.  W.  Thomas,  F.C.S.,  "  Treatise  on  Coal-Mines,  Gases,  and  Ventilation.'' 
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Fig.  294  shows  a  mine  where  the  fresh  air  enters  by  a 
level  drift,  and  leaves  the  mine  by  a  vertical  shaft  1000  feet  in 
depth.  The  dotted  lines  above  the  entrance  to  the  intake  show 
a  hypothetical  downcast  the  same  depth  as  the  upcast.  In  every, 
mine  where  there  is  a  powerful  ventilation,  the  temperature  of 
the  air  in  the  downcast  differs  very  little  from  that  of  the  air 
on  the  surface,  and  therefore  the  pressure  of  a  column  of  air 
at  the  bottom  of  the  downcast  is  the  same  per  square  foot, 
whether  it  is  confined  within  the  walls  of  a  shaft  or  is  unconfined 
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as  in  the  figure.  (In  the  case  of  a  downcast  shaft  there  would 
be  some  reduction  of  pressure  due  to  friction  against  the  shaft- 
sides.) 

Fig.  295  shows  an  upcast  shaft  500  feet  deep,  and  a  downcast 
shaft  1000  feet  deep,  the  bottom  of  each  shaft  being  on  the  same 
level.  In  this  case  there  is  a  height  of  500  feet  of  fresh  air  above 
the  top  of  the  upcast,  which  is  equal  in  weight  to  the  first  500 


Figs.  294,  295.  -Hypothetical  downcasts. 

feet  of  the  downcast  shaft,  and  therefore  these  two  upper  parts 
of  the  column  may  be  disregarded,  and  the  effect  of  the  downcast 
is  as  if  it  were  500  feet  deep,  that  is,  the  same  depth  as  the  upcast. 
For  future  calculations,  therefore,  the  upcast  depth  alone  will  be 
considered,  the  downcast  depth  being  no  more  important  than  an 
equal  length  of  level  road. 

Ventilating  Pressure  produced  by  Furnaces.— The 
following  instance  shows  a  method  of  calculating  ventilating 
pressure.  The  upcast  shaft  is  1000  feet  high  above  the  smoke- 
drift,  and  has  an  average  temperature  of  192°  Fahr. ;  the  down- 
cast or  intake  temperature  is  620  Fahr. ;  the  barometer  half-way- 
down  the  shaft  is  30  inches.  On  referring  to  the  table,  it  will  be 
seen  that  the  weight  of  a  column  of  air  1000  feet  high  and  1 
square  foot  in  sectional  area  at  620  is  7641  lbs.,  and  a  similar 
column  at  1920  is 
6 1 -14  lbs.,  the  dif- 
ference being  15  "2  7 
lbs.  This,  therefore, 
is  the  unbalanced 
weight  for  each 
column  1  foot  square 
at  the  base. 

Fig.  296  shows 
the  effect  of  a  fur- 
nace in  a  shaft 
1000  feet  deep. 

Water  -  gauge. 
— The  ventilating  pressure  in  mines  is  not  generally  measured 
in  pounds,  but  by  a  water-gauge.     This  water-gauge  is  usually 
made  of  a  glass  tube  from  £  inch  to   1  inch  bore,  bent  in  the 


Temp:=50°  : 

~WeigJt£  oTAtr 
■•%Dlwnn.=78-fltta, 


%    Upcast 

%  Temp—250' 


Jlir  CobuTWs 
=56-08  Ik 
7/8  f?at  50'expands 
tc  1000  ft  at  250: 


W.C.'Mt,  2200° 

Fig.  296. — Pressure  and  temperature  in  furnace-pit, 
dumb-drift. 
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Fig.  296*1. — Water- 
gauge. 


form  of  the  letter  U  (see  Figs.  296  and  296a).  A  scale  divided 
into  inches  and  tenths  is  placed  between  the  two  columns. 
One  tube  is  covered  with  a  metal  cap  perforated  to  admit  the 
atmospheric  pressure ;  the  other  has  also  a 
metal  cap  with  a  branch,  2  or  3  inches  long, 
which  can  be  put  through  a  hole  in  a  door 
or  other  partition  :  thus  one  column  is  con- 
^stcppUia  nected  with  the  air  on  one  side  of  the  parti- 
tion, and  the  other  column  with  the  air  on  the 
opposite  side  of  the  partition.  If  there  should 
be  any  difference  of  atmospheric  pressure  on 
these  two  columns,  the  water  which  is  in  the 
tube  will  measure  this  difference ;  if  the  water 
on  one  side  is  1  inch  higher  than  the  water  on 
the  other  side,  there  is  a  pressure  of  1  inch  of  water-gauge.  One 
inch  of  water-gauge  is  equal  to  a  pressure  of  5  "2  lbs.  on  each 
square  foot ;  this  is  evident,  because  a  cubic  foot  of  water  weighs 
about  62*4  lbs.,  and  -£$  of  a  cubic  foot  therefore  weighs  about 
5-2  lbs. 

Ventilating  Pressure  produced  by  Furnaces  (continued). 
— Referring  to  the  instance  above  given,  where  the  ventilating 
pressure  is  15 "2 7  lbs.,  if  this  is  divided  by  5-2  the  inches  of 
water-gauge  will  be  found.  In  this  case  the  water-gauge  pressure 
is  2-93  inches,  or,  in  round  figures,  3  inches. 

The  pressure  may  also  be  calculated  in  another  way  without 
reference  to  the  table  of  weights  above  given.  For  the  purposes 
of  approximate  calculations,  it  is  sufficient  to  remember  that  water 
is  about  800  times  as  dense  as  air,  or  that  1  cubic  foot  of  water 
is  about  as  heavy  as  800  cubic  feet  of  air  at  a  temperature  of  520 
and  barometer  30  inches ;  the  exact  proportion,  of  course,  varies 
with  the  temperature  and  pressure. 

In  the  case  of  air  and  water  at  a  temperature  of  620  Fahr.  and 
a  pressure  of  30  inches,  1  cubic  foot  of  water  is  about  as  heavy 
as  820  cubic  feet  of  air.  When  air  is  heated  and  is  not  confined, 
it  expands.  459  cubic  feet  of  air,  at  a  temperature  of  zero  Fahr., 
will  expand  1  cubic  foot  if  raised  1°  in  temperature,  and  will 
therefore  occupy  460  cubic  feet,  and  an  equal  expansion  will 
take  place  for  every  degree  of  temperature.  Thus,  if  the  tempera- 
ture were  raised  410,  the  expansion  would  be  41  cubic  feet,  or  the 
459  would  be  increased  to  500;  and  if  the  temperature  were 
raised  1410  the  459  would  be  increased  141  cubic  feet,  or  the 
459  cubic  feet  would  be  expanded  to  600  cubic  feet.  Bearing  in 
mind  the  above  statements,  the  following  rule  will  be  under- 
stood : — 
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D  =  depth  of  upcast  in  feet. 
T  =  temperature  of  upcast  in  degrees  Fahrenheit. 
t  =  temperature  of  downcast. 
T'  =  temperature  of  upcast  +  459. 
f  =  temperature  of  downcast  +  459. 
x  =  ventilating  column  in  feet  of  air  of  the  downcast  temperature. 

Then  x  =  D 777—  ,   • 

and  WG  =  water-gauge  pressure  in  inches  =  — — ^-^ 

1000 

P  =  pressure  in  pounds  per  square  foot  =  WG  X('s 

76 
P  =  x (approximately) 

Q  =  quantity  of  air  in  cubic  feet  per  minute. 
FP  =  foot-pounds  of  work  done  per  minute  =  Q  X  P 

HP  =  horse-power  =— 

33,000 

Let  T  =  1 930  Fahr.,  and  t  =  60° 

D  =  1000. 

T  =  193  +  459  =  652. 
f  =  60  +  459  =  5*9- 
Then,  applying  the  rule — 

/T->\  (D)iooo  x  (f)^JQ 

x  =  (D)rooo  -  (r)65;  ;5  9  =  204 

Thus  the  ventilating  column  is  204  feet  of  air  at  a  temperature 
of  6o°  and  barometer  30. 

WG  =  (*)»°4X»Xi-»  =       8  inches 
1000  y 

Thus  the  ventilating   pressure  is  equal  to,  say,   3  inches  of 

water-gauge. 

P  =  WG  x  5-2  =  15-6  lbs. 

FP  =  (Q)ioo,ooo  x  (P)i5-6  =  1,560,000  foot-pounds 

,  ut,      (Q)  100,000  x  (P)i5"6 

and  HP  =-i-=^ v   '  J      =  47-27 

33,000 

or  the  horse-power  of  the  upcast  shaft  is  about  47$. 

The  student  is,  of  course,  aware  that  a  horse-power  is  equal 
to  33,000  foot-pounds  a  minute — that  is  to  say,  is  equal  to  work 
done  in  lifting  33,000  pounds  l  foot  high  a  minute,  or  equal  to 
lifting  1  lb.  33,000  feet  in  a  minute. 

To  ascertain  the  actual  pressure  of  the  ventilating  column,  an 
addition  must  be  made  to  that  recorded  by  the  water-gauge  at  the 
bottom  of  upcast  to  allow  for  the  resistances  in  the  shafts ;  the 
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total  pressure  can  be  best  ascertained  by  calculation  founded  on 
careful  observations  of  the  shaft  temperatures  and  barometic 
pressure. 

Fuel  required  for  Furnace  Ventilation.— The  amount  of 
fuel  necessary  to  heat  the  upcast  shaft  will  depend  partly  upon  the 
completeness  of  combustion.  If  a  certain  amount  of  the  fuel  is 
raked  out  of  the  fire  with  the  ashes,  or  passes  up  the  shaft  as 
unburrlt  smoke,  there  will  be  a  corresponding  increase  in  the 
amount  required ;  if  the  shaft  is  wet,  or  if  the  upcast  is  tubbed, 
and  there  is  a  circulation  of  water  at  the  back  of  the  tubbing,  by 
which  heat  can  be  carried  away  from  the  shaft,  then  more  fuel  will 
be  required  than  in  a  perfectly  dry  brick-lined  shaft. 

For  the  purposes  of  theoretical  calculation,  it  is  assumed  that 
the  shaft  is  quite  dry,  and  that  no  heat  is  lost  by  conduction  through 
the  strata ;  it  is  also  assumed  that  the  air  will  reach  the  ventilating 
furnace  at  the  downcast  temperature.  Both  these  assumptions 
are  different  from  the  actual  facts.  In  the  first  place,  the  shaft  is 
always  somewhat  damp,  unless  artificially  dried ;  in  the  second 
place,  there  is  always  some  conduction  of  heat  through  the  strata; 
in  the  third  place,  in  mines  of  1000  feet  and  upwards  in  depth,  the 
air  is  always  warmer  after  passing  through  the  mine  than  the  down- 
cast air.  But  this  heat  gained  from  the  mine  may  be  set  against 
the  heat  extracted  from  the  air  by  the  sides  of  the  upcast,  and  it 
is  not  improbable  that  one  will  balance  .the  other  where  there  is  no 
water  in  the  upcast  except  what  is  properly  guided  in  pipes. 

The  following  suggestions  will  show  that  this  is  not  an  un- 
reasonable assumption.  The  rate  at  which  heat  passes  through 
a  conductor  is  proportional  to  the  difference  in  the  temperatures 
on  each  side.1  Thus  in  the  upcast  the  temperature  of  the  strata 
would  be  say  6o°,  and  of  the  air  say  1800;  in  the  air-ways  of 
the  mine  the  average  temperature  would  be  say  6o°,  that  of  the 
rocks  in  contact  say  650.  Therefore  the  transmission  of  heat  in 
the  upcast,  as  compared  with  the  transmission  from  the  sides  of 
the  mine,  to  the  air-current  would  be  as  120  :  5,  or  24  :  1.  There- 
fore, if  the  upcast  shaft  is  1000  feet  deep,  as  much  heat  will  be  lost 
in  that  length  as  is  gained  in  24,000  feet  of  underground  air-roads. 

The  heat  produced  by  the  combustion  of  1  lb.  of  coal  is  called 
its  calorific  power,  and  is  equal  to  14,400  units  ;  a  unit  is  1  lb.  of 
water  raised  1°  Fahr.  This  calorific  power  is  for  pure  coal  and 
perfect  combustion.  For  the  purpose  of  a  colliery  furnace  the 
calorific  power  may  be  assumed  at  12,000  units  only. 

It  takes  less  heat  to  raise  1  lb.  of  air  i°  than  to  raise  1  lb.  of 
water  i°. 

1  The  heat  passing  through  any  substance  varies  directly  as  the  difference 
of  temperature  of  the  two  surfaces  (Box  on  "Heat,"  p.  210). 
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The  relative  heat  required  to  heat  a  body  i°  is  called  its 
specific  heat ;  thus  the  specific  heat  of  water  is  i,  but  the  specific 
heat  of  air  is  o-2374. 

Therefore  the  weight  of  air  that  *  lb.  of  coal  will  raise  i° 
Fahr.  is  found  by  the  following  rule-of-three  sum  : — 

0-2374  :  1  :  :  12,000  :  50,547,  or  say  50,000  lbs. 

To  take  a  case.     The  ventilation  is   100,000   cubic  feet    a 

minute,  the  intake  temperature  is  500,  the  upcast  temperature  is 

1300;   the  heat   required  from  the  furnace  is  130  —  50  =  80°; 

100,000  cubic  feet  at   500  weigh  78 n  lbs.;   therefore  the  fuel 

•     ,             .              7811  X  80  „  ,  .  ,  . 

required  per  minute  = =  12 '49  lbs. ;  multiplying  this 

by  60,  the  answer,  749-4,  represents  the  pounds  of  fuel  required 
per  hour. 

Ventilating  pressure  is  io"6i  lbs.;  F.P.  =  1,061,000  foot- 
pounds; and  H.P.  =  32-15. 

749*4  lbs.  per  hour  divided  by  32-15  =  233,  the  fuel  con- 
sumed per  horse-power  per  hour,1  or  say  24  lbs.  of  fuel  are 
required  per  horse-power  in  a  mine  1000  feet  deep.  As  before 
stated,  the  efficiency  of  the  furnace  varies  directly  as  the  depth, 
and  the  fuel,  consumption,  therefore,  per  horse-power  varies 
inversely  as  the  depth,  and  may  be  shown  in  the  following 
.table: — 

Shaft    250  feet  deep  :  fall  consumption  per  H.P.  96  lbs. 
,,      5°°  ,.  .,  ,,  48  „ 

„    1000  „  ,,  ,,  24  „ 

„    1500  „  „  „  16 

,,    2000 

,,    3°°° 
„    4000 

So  far  as  published  statements  (see  Table  IX.)  are  concerned, 
the  actual  fuel  consumption  is  sometimes  more  and  sometimes 
less  than  the  figures  given  in  the  above  theoretical  statement. 

1  Fuel  consumed  is  generally  taken  at  the  amount  per  hour  per  horse- 
power. 
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Table  IX. 
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26 
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23 
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{  870 

l 

8    0 
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9-88 

16 
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1  In  this  calculation  no  allowance  is  made  for  the  heating  of  the  air  by  the 
strata  of  the  mine,  nor  for  cooling  by  water  or  conduction  in  the  shaft. 

If  all  the  air  from  the  mine  enters  the  shaft  by  a  dumb-drift, 
and  the  furnace  is  entirely  supplied  with  fresh  air,  the  economy 
of  furnace-ventilation  is  much  reduced,  because  the  fresh  air 
passing  through  the  furnace  serves  no  useful  purpose  except  to 
transmit  the  heat  of  the  fire  to  the  air  in  the  upcast.  In  the  case 
of  a  dumb-drift,  if  the  temperature  of  the  smoke-drift  is  5000,  and 
that  of  the  mine  air  50°,  and  the  average  temperature  of  the 
mixture  above  the  furnace-drift  200°,  then  each  pound  of  air  from 
the  furnace  will  have  300°  of  temperature  to  spare  for  heating  the 
mine  air.  And  each  pound  of  mine  air  will  lack  1500  of  the 
upcast  temperature,  therefore  1  lb.  of  furnace  air  will  heat  2  lbs. 
of  mine  air ;  and  of  the  total  weight  of  air  in  the  upcast,  2  out 
of  3  lbs.  will  be  mine  air,  and  1  out  of  3  lbs.  will  be  furnace 
air;  that  is  to  say,  the  weight  of  mine  air  is  increased  50  per 
cent,  by  the  addition  of  the  furnace  air,  and  consequently  the 
amount  of  fuel  required  will  be  also  increased  50  per  cent,  of  the 
quantity  required  if  the  mine  air  passed  through   the  furnace. 
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Another  method  of  calculating  the  relative  quantities  of  mine 
air,  fresh  air,  and  furnace  air  passing  up  the  shaft  is  as  follows  : 

Furnace-ventilation  with  a  dumb-drift.     Upcast,   n  feet  dia- 
meter ;  downcast,  9  feet  diameter. 

R"LE-  „  ,  Example. 

F  =  temperature  of  furnace-drift  =  500° 

T  =         1,  „      upcast  =  200° 

t  =  „  „      mine  air  =    650 

V  =  volume  of  mine  air  =  100,000  cub.  ft. 
v  =-.         „         fresh  air  and  smoke  at  5  oo°  =    82,^6 

v  =  „  „  „  reduced 

to  200°  =  56,593  „ 

V  =         „         mine  air  expanded  to  T°           =  125,763  „ 
V"  =  total  volume  in  upcast  =  V  +  -d               =  182,356  „ 

i7»      i7  .    459  +  T  41:9  4-  200 

V  =  V  x  iiz_J —  =  IOo,ooo  x  , 

.    459  +  *  459  +  65 

=  100,000  X~  =  125,763      ., 

v-  =  V>  +  l^-E=  125,763  H-Soo-aoo 
1  —  /  200  —  65 

=  125,763  -^  =  s6)S93         n 

v  =  z/  x  *fSL+F  =  56,593  x  ^1±^1 
459  +  T  459  +  200 

=  56,593  x  |S  =  82'356 
V"  =  V  +  7/  =  125,763  +  56,593  =  182,356      „ 

Mechanical  Ventilation. — This  means  the  use  of  pumps  or 
fans  to  produce  an  air-current,  instead  of  a  furnace.  The  mechanical 
ventilator  of  a  colliery  is,  with  rare  exceptions,  at  the  top  of  the 
upcast,  which  is  covered  over ;  a  drift  or  tunnel  from  the  shaft 
conveys  the  air  into  the  fan-chamber.  The  covering  at  the  top 
of  the  upcast  may  be  movable,  so  as  to  permit  the  passage  of 
cages.  This  covering  is  often  made  by  a  simple  bonnet  of  wood 
or  iron  as  light  as  possible,  which  is  lifted  up  by  the  cage  as  it 
rises,  and  dropped  on  the  platform  as  the  cage  descends.  The 
entrance  to  the  shaft  at  the  top  is  divided  into  two  compartments, 
just  sufficient  for  the  cage  to  pass  through,  and  as  deep  as  the 
cage,  or  at  least  as  deep  as  from  the  top  of  the  cage  to  the  first 
platform  (see  Fig.  297).  Thus,  when  the  bonnet  is  lifted,  the 
platform  of  the  cage  blocks  the  entrance  to  the  shaft,  and 
prevents  any  large  inrush  of  air.  Sometimes  the  whole  pit-frame 
is  covered  in  nearly  as  high  as  the  pulley  wheels,  and  a  partition 


208 


MINING. 


separates  the  two  cages.  When  the  cage  has  been  raised  to  the 
pit-top,  doors  in  the  covering  are  opened,  through  which  the  empty 
and  full  waggons  can  be  run  (see  Fig.  298).1  It  is  not  found  that 
the  ventilation  of  the  mine  is  materially  injured  by  the  opening 
and  closing  of  the  shaft-covering. 

In   considering   the  economy  of  mechanical  ventilation,  the 
term  "  efficiency  "  is  generally  used,  and  is  given  in  percentages ; 


Fig.  297 — Bonnet  for  fan-shaft. 


. — Cover  for  fan-shaft. 


thus  the  horse-power  of  the  engine  is  taken  as  100  per  cent,  and 
the  air  in  the  shaft  is  something  less,  and  may  be  anything  between 
10  and  80  per  cent. 

The  horse-power  of  the  engine  is  ascertained  by  means  of  the 
indicator  (see  Fig.  299).  The  indicator  shown  in  the  figure  is  that 
known  as  the  Richards,  and  is  the  one  most  commonly  used. 

Other  indicators,  such  as  the  Crosby,  or  Tabor,  are  now  preferred 
by  many  as  being  better  for  high  speeds,  and  in  other  respects.  The 
Richards  indicator  has  a  piston  working  in  a  small  brass  cylinder. 

1  In  this  figure  the  doors  are  on  slides,  and  their  weight  reduced  by  balance- 
weights  ;  the  cage  lifts  them  when  it  comes  up  to  the  top.  a  a  are  the  doors, 
and  b  b  b  is  the  wooden  covering  which  prevents  the  air  entering  the  shaft. 
When  the  cage  is  lowered,  the  sliding  doors  a  a  drop  down  on  to  the  top  of 
the  pit  and  close  uj>  the  opening. 
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The  piston  is  held  down  by 'a  steel  spring;  to  the  upper  end  of 
the  piston-rod  are  fastened  levers,  one  of  which  carries  a  pencil 
ine  piston  raises  the  pencil  up  and  down  in  a  directly  vertical 
line.  The  indicator  is  screwed  on  to  one  end  of  the  cylinder 
through  which  a  half-inch  hole  is 
drilled  (see  Fig.  300).  The  pressure 
of  the  steam  in  the  cylinder  under- 
neath the  indicator-piston  compresses 
the  spring  and  raises  the  pencil. 
The  pencil  is  pressed  against  a  piece 
of  paper  on  a  drum.  As  the  piston 
of  the  steam-engine  moves,  the  drum 
is  turned  by  a  cord  connected  with 
the  cross-head,  and  reducing-gear. 
By  this  means  the  pencil  draws  a 
diagram.  If  there  is  no  steam- 
pressure  in  the  cylinder,  this  diagram 
is  a  simple,  straight,  horizontal  line, 
which  is  called  the  atmospheric  line. 
When  steam  enters  the  cylinder,  the 
pencil  is  forced  up,  and  shows  the 
amount  of  pressure  by  the  height  to 
which  it  goes.  As  the  engine  moves, 
the  line  traced  on  the  diagram  would  be  horizontal  if  the  steam- 
pressure  were  constant ;  if  the  steam-pressure  falls,  the  line  also 
falls.     Thus  the  pressure  at  any  part  of  the  stroke  is  indicated 


Screws  into  &i&  eyliru&r 
Fig.  299. — Richards's  indicator. 
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SaMPuroFVELOcuYieTER  Diagram  showing  Variations  in  Speed  On  a  Winding  Ekoine) 
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Fig.  300. — Horizontal  steam-engine,  showing  the  mode  of  applying  Richards's 
indicator  and  the  velocimeter. 

by  the  height  of  the  line  above  the  starting-point.  When  the 
piston  comes  back,  it  ought  to  fall  to  the  level  of  atmospheric 
pressure  in  a  non-condensing  engine ;  if  it  does  not,  it  is  because 
the  steam  has  not  been  completely  exhausted.  In  a  condensing 
engine,  it  falls  below  the  atmospheric  line.      The  height  of  the 
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return  line  above  the  starting-point  is  the  measure  of  the  back 
pressure  in  the  cylinder. 

Fig.  301  shows  four  indicator  diagrams,  taken  from  two 
engines,  one  from  each  end  of  the  cylinder.  As  is  apparent 
from  the  figure,  one  of  the  engines  is  condensing,  and  the  other 
non-condensing.  An  indicator  must  be  placed  at  each  end  of 
the  cylinder,  because  it  is  not  likely  that  both  ends  will  give 
precisely  the  same  diagram.  The  average  pressure  may  be 
measured  by  dividing  the  diagram  with  parallel  lines  into  10 
equal  spaces.  The  distance  between  the  steam  line  and  the 
back-pressure  line  is  measured  with  a  scale  made  to  suit  the 
spring,  and  the  total  measurements  divided  by  10  will  give  the 
average  pressure.     The  averages  on  each  end  of  the  cylinder  are 

STEAM  LINE  STEAM  LINE 


EXHAUST  Line 


EXHAUST  LINE 


STEAMLINE 

FRONT  END 
CUTOFF3/* 
^EXHAUST     LINE 


STEAM   LINE 

BACK  END 
CUT  OFF  3/', 
JXHAUST    LINE. 


*  - 


ATMOSPHERIC       LINE 

Fig.  301. — Richards's  indicator  diagrams. 

added  together  and  divided  by  2.  The  area  of  the  engine 
piston  in  square  inches,  the  length  of  the  stroke  in  feet,  the 
number  of  strokes  per  minute,  and  the  average  steam-pressure 
are  multiplied  together  to  obtain  the  foot-pounds  of  work  per 
minute.  If  this  result  is  divided  by  33,000,  the  result  is  given  in 
horse-powers.  In  the  following  example  the  average  steam-pressure 
is  40  lbs.,  diameter  of  cylinder,  20  inches;  stroke  of  piston,  3  feet; 
revolutions  of  fly-wheel,  50  per  minute.  Then  the  area  of  the 
cylinder  is  3i4-i6  square  inches ;  from  this  has  to  be  deducted 
the  section  of  the  piston-rod,  which  is  7  "06  square  inches.  As  the 
piston-rod  is  only  at  one  end,  this  is  divided  by  2,  making  a  deduc- 
tion of  3-53,  leaving  the  effective  area  of  piston  310-63,  or  say 
310  square  inches. 

Then  40  lbs.  X  310  square  inches  X  3  feet  X  2  x  50  revolutions 
=  3,720,000  foot-pounds  per  minute 
or  dividing  by  33,000=  1127  H.P. 

If  the  engine  is  a  condensing  engine,  the  back-pressure  line 
comes  below  the  atmospheric  line,  and  indicates  the  pressure  above 
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zero.  The  diagram  is  measured  in  the  same  way ;  that  is  to  say, 
the  difference  between  the  steam  line  and  the  back-pressure  line. 

Each  indicator  should  be  supplied  with  three  or  four  springs 
according  _  to  the  steam-pressure  to  be  measured,  each  spring 
having  a  scale  ;  these  scales  vary  from  8  lbs.  to  an  inch  up  to 
32  lbs.  to  an  inch,  and  more  for  very  high  pressures.  In  the 
improved  indicators  now  made  a  double  spring  is  used,  which  is 
found  to  give  better  results  than  the  single  spring.  There  is  also 
less  weight  in  the  moving  parts,  which  is  an  advantage,  because 
the  weight  prevents  perfect  accuracy  in  the  diagram  owing  to  the 
momentum.  The  Richards  indicator  is  usually  considered 
sufficiently  accurate  for  engines  up  to  100  revolutions  per  minute 
and  300  feet  piston-speed. 

Horse-power  in  the  Air. — This  is  calculated,  in  the  way 
already  indicated  in  the  case  of  furnaces,  by  means  of  a  water- 
gauge.  For  mechanical  ventilators  the  water-gauge  is  placed  in 
the  tunnel  leading  to  the  fan,  so  as  to  ascertain  the  difference 
between  the  external  pressure  and  that  in  the  fan-drift,  this 
difference  (when  the  fan  is  at  the  top  of  the  upcast)  being  entirely 
due  to  the  action  of  the  fan. 

Great  care  has  to  be  taken  to  ascertain  this  difference  with 
accuracy,  because  the  air-current,  rushing  towards  the  tube  leading 
to  the  water-gauge,  may  blow  into  the  tube,  and  so  cause  a  less 
difference  to  be  indicated  than  really  exists.  On  the  other  hand, 
it  may  blow  away  from  the  tube  leading  to  the  gauge,  and  by 
suction  cause  a  greater  difference  of  pressure  to  be  indicated  than 
really  exists.  The  tube  should  therefore  end  in  a  box  perforated 
with  small  holes,  and  so  avoid  the  effects  of  the  air-current. 

The  foot-pounds  of  work  done  on  the  air  are  ascertained  as 
follows  : — 

Q  =  cubic  feet  of  air  per  minute. 
P  =  W.G.  in  inches  X  S'2  lbs. 
Q  X  P  =  foot-pounds. 
Say  Q  =  100,000,  and  W.G.  =  3. 
Then  P  =  15-6 
then  foot-pounds  =  100,000  X  iS'6  =  1,560,000 
and  H.P.  =  47*27,  say  47 1 

Anemometer. — The  quantity  of  air  passing  in  a  given  place 
is  ascertained  by  measuring  the  sectional  area,  and  also  measuring 
the  speed  at  which  the  air  passes.  Suppose  a  road  10  feet  wide, 
5  feet  high,  sectional  area  50  square  feet,  speed  1000  feet  per 
minute,  then  the  quantity  =  50,000  cubic  feet  per  minute.  The 
speed  is  measured  by  an  anemometer;  the  usual  kind  is  Biram's 
<(see  Fig.  302).    This  is  similar  to  a  windmill.     The  face  of  the 
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indicator  disc  is  set  precisely  opposite  to  the  air-current ;  the  sails 
are  set  at  an  angle  of  450.  The  pressure  of  the  air  on  these  sails  or 
vanes  takes  effect,  therefore,  in  two  directions — one  in  the  direction 
of  the  current,  which  produces  no  effect ;  the  other  at  right  angles 

to  this  direction,  which  turns  the 
wheel  round.  The  spindle  of  the 
wheel  gives  movement  to  toothed 
gearing  in  a  case ;  pointers  are 
connected  to  this  gearing,  which 
indicate  the  number  of  revolutions 
made.  The  first  pointer  makes 
one  revolution  for  every  100  feet 
lineal  of  air  that  blows  past  the 
wheel ;  the  second  pointer  makes 
one  revolution  for  every  1000 
feet ;  the  third  pointer,  one  revo- 
lution for  every  10,000  feet;  the 
fourth  pointer,  one  revolution  for 
every  100,000  feet ;  and  the  fifth 
pointer,  one  revolution  for  every 
1,000,000  feet;  and  the  sixth 
pointer  one  revolution  for 
10,000,000  feet.  Thus  if  the  speed  of  the  air-current  is  1000 
feet  a  minute,  it  will  take  10,000  minutes  for  the  sixth  pointer 
to  make  one  revolution — that  is  to  say,  i66f  hours. 

The   accuracy   of  the   anemometer   may   be   roughly  tested 


Fig-  302. — Biram's  anemometer. 


SIDE 


END 

Fig.  302a. — Atkinson  and  Daglish's  whirling-machine. 

by  taking  it  into  a  long  room  or  gallery  of  known  length  where 
there  is  no  current  of  air :  holding  the  face  of  the  anemometer 
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Fig.  303. — Dickin- 
son's anemo- 
meter. 


in  the  direction  he  moves,  and  at  arm's  length,  let  the  operator 
walk  the  length  of  the  room.  When  the  finger  of  the  ane- 
mometer comes  to  rest  it  should  indicate  the  length  of  the 
gallery,  that  being  the  length  of  air-current  that  has  passed 
through  the  anemometer.  Anemometers  are  generally  tested, 
however,  with  a  whirling-machine  (see  Fig.  302a).  The 
anemometer  may  thus  be  moved  in  a  circle  of  say  30  feet 
circumference  at  any  desired  speed  by  means  of  a  weight  and 
gearing,  and  the  distance  through  which  it  moves  is  recorded  on 
the  dial  of  the  machine.  The  same  distance  should  be  recorded 
on  the  anemometer  ;  if  the  record  is  not  the  same,  the  difference 
is  noted  on  a  card,  to  which  reference  should  be 
made  whenever  the  anemometer  is  used  in  order 
to  correct  the  reading. 

Another  anemometer  (see  Fig.  303)  is  Dickin- 
son's. This  is  simply  a  flap  which  is  lifted  by  the  air- 
current.  The  height  to  which  it  is  lifted  varies  with 
the  speed.  The  speed  is  marked  on  the  quadrant. 
Another  anemometer  (see  Fig.  304)  is  Robin- 
son's. In  this  the  arms  revolve  in  a  horizontal 
plane.  At  the  end  of  each  arm  is  a  hemispherical 
cup.  The  wind  fills  the  concave  surface  at  full  pressure ;  it 
glances  off  the  convex  surface  of  the  cup  on  the  opposite  arm. 
The  difference  in  the  pressure 
on  the  two  cups  causes  the  arms 
to  revolve.  This  kind  of  anemo- 
meter is  generally  used  at  mete- 
orological stations;  it  is  seldom 
used  for  mines. 

The  speed  of  the  air-current 
may  be  measured  with  powder- 
smoke.  Take  an  air-road  of 
uniform  section,  say  100  yards  in 
length.  At  the  intake  end  let 
powder  be  flashed.  The  observer 
at  the  other  end,  seeing  the  flash, 
starts  a  stop-watch,  which  he 
stops  the  instant  he  smells  the 
smoke.  In  this  way  the  time  it 
yards  is  ascertained. 

Another  method  is  to  break  a 
smelling  spirit,  say  sulphuric  ether, 
or  other  signal  warns   the   observer 


Fig.  304. — Robinson's  anemometer. 

takes  the  smoke  to  travel  100 


bottle   containing  a  strong- 
The  sound   of  a  hammer 
that    the    spirit    has    been 
liberated,  Ms  nose  tells  him  when  the  spirit  arrives,  and  his  stop- 
watch shows  the  time. 
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Reciprocating  Air-pumps. — Fig.  305  shows  Nixon's  venti- 
lator (Nixon's  Navigation,  Glamorganshire).  This  is  driven  by 
a  horizontal  high-pressure  steam-engine,  one  cylinder  36  inches 
diameter,  6  feet  stroke,  two  fly  wheels  each  fifteen  tons.  The  con- 
necting-rods give  movement  to  two  air-pistons,  7-feet  stroke,  also 


Fig.  305. — The  Nixon  ventilator. 

having  a  horizontal  movement.  These  pistons  are  rectangular, 
in  rectangular  cylinders ;  each  is  30  feet  wide  and  2 i-J  feet  high  ; 
each  is  carried  on  four  rollers  running  on  two  rails.  They  do  not 
touch  the  walls  of  the  cylinder,  but  are  as  near  a  fit  as  can  be 
without  touching.  Each  cylinder  has  168  suction  and  196  delivery 
valves  on  each  end,  thus  there  are  728  valves  in  all ;  the  fly-wheels 
make  about  seven  revolutions  a  minute.  The  efficiency  of  the 
machine  depends  on  the  condition  of  the  valves  and  the  amount 
of  leakage  past  the  piston.1 

Fig.  306  and  306a  show  the  Struve  ventilator.     This  is  driven 
by  a  steam-engine,  one   cylinder   24  inches  in  diameter,  4  feet 


Fig.  306. — The  Struve  ventilator,  Ynysdavid  pit,  Cwm  Avon. 
Side  elevation  ;  chamber  in  section. 


Fig.  306a. — Struve  ventila- 
tor :  section. 


4  inch  stroke.  The  speed  is  reduced  by  spur-geanng  4  to  1. 
Movement  is  given  to  two  beams,  each  of  which  works  a 
piston  with  vertical  stroke  7  feet,  and  a  diameter  of  18  feet 
3  inches,  making  6£  double  strokes  per  minute.  The  piston  is 
1  The  writer  has  never  heard  of  any  similar  machine  elsewhere. 
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made  of  sheet  iron  £  inch  thick,  in  the  form  of  a  bell  or  gas- 
holder. The  lower  edge  of  this  bell  dips  into  a  circular  water- 
trough,  and  is  never  raised  to  the  top  of  the  water,  so  that  no 
leakage  of  air  can  pass  the  piston.  The  piston  is  suspended 
by  a  rod  working  through  a  box  in  the  cylinder  cover,  so  that 
each  piston  is  part  of  a  double-acting  pump.  The  useful  effect 
of  this  machine  depends  to  a  great  extent  on  the  condition  of 
the  valves.  It  has  been  worked  against  a  water-gauge  of  more 
than  5  inches.1  There  are  92  inlet  and  92  outlet  valves;  each 
valve  is  4  feet  long,  14  inches  deep,  made  of  a  light  wooden 
frame  with  a  zinc  panel. 

Rotary  Air-pumps. — The  reciprocating  air-pumps  above 
described  have  several  serious  objections.  There  are  a  number 
of  valves  to  be  kept  in  good  order,  and  the  speed  must  be  slow, 
because,  if  a  large  piston  is  worked  rapidly  in  alternate  directions, 
the  machinery  may  be  soon  destroyed  (also  the  water-packing 
would  be  splashed  out).  To  overcome  these  difficulties  rotary  air- 
pumps  have  been  constructed. 

One  of  these  is  Cooke's  (see  Fig.  307).  Here  the  piston  takes 
the  form  of  a  drum  22  feet  in  diameter  and    ni  feet  wide.     The 


Fig.  307.— Cooke's  ventilating  apparatus. 

drum  is  attached  to  an  axle  which  does  not  pass  through  the 
centre,  so  that  when  the  axle  turns,  the  drum  sweeps  round  like  a 
paddle.  It  revolves  in  a  chamber  which  is  as  near  a  fit  to  the 
sides  and  periphery  of  the  drum  as  can  be  without  actually 
touching.  An  orifice  on  one  side  of  the  chamber  admits  the 
air  from  the  mine ;  another  at  the  top  allows  the  mine  'air 
to  issue  into  the  atmosphere.  As  the  drum  sweeps  past  the 
orifice  from  the  mine,  it  pushes  before  it  the  air  in  the  cylinder 
and  forces  it  out  at  the  upper  orifice,  at  the  same  time  sucking 
from  the  mine  another  cylinderful  of  air.  In  order  that  the  mine 
air  may  be  forced  into  the  atmosphere,  and  not  simply  whirled 
1  The  writer  is  not  aware  of  more  than  two  of  these  machines  in  Great 
Britain. 
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round  and  round  the  chamber,  a  valve,  x,  is  always  in  contact 
with  the  drum,  or  rather  nearly  touching.  The  mine  air  cannot 
pass  this  valve,  and  therefore  is  forced  out  of  the  upper  orifice. 
When  the  dram  sweeps  by  the  valve  at  the  greater  radius  from 
the  axle,  the  valve  is  moved  away  by  a  system  of  levers  outside 
the  cylinder,  so  that  the  drum  never  actually  touches  the  swinging 
valve,  the  latter  following  up  the  movements  of  the  drum  by 
means  of  the  levers.  The  drum,  being  fixed  eccentrically,  would 
be  heavy  to  lift  were  it  not  balanced ;  it  is  balanced,  therefore,  by 
another  drum  on  the  same  axle  or  shaft  revolving  in  another 
cylinder.  By  these  two  drums  a  regular  current  of  air  is  extracted 
from  the  mine.  An  engine  is  attached  to  the  axle  or  shaft 
carrying  the  drums.  The  efficiency  of  this  fan  depends  on  the 
accuracy  with  which  it  can  be  fitted  in  the  cylinder  without 
touching,  and  with  which  the  swinging 
valve  can  be  kept  against  the  drum  also 
without  touching,  and  on  the  proportion 
of  power  absorbed  by  the  friction  of  the 
revolving  weights  on  the  shaft  bearings. 
Another  rotary  pump  is  Root's  (see 
Fig.  308).  This  figure  represents  the 
blower  as  used  for  blacksmith's  fires. 
Two  drums  shaped  like  the  figure  8, 
with  the  longer  axes  at  right  angles,  each 
carried  on  an  axle  through  the  centre; 
a  spur-wheel  is  on  each  axle  outside  the 
casing,  the  teeth  of  which  are  engaged, 
and  therefore  each  axle  must  revolve  at 
precisely  the  same  speed  and  in  opposite 
directions.  As  each  revolving  piston  passes  the  lower  orifice,  it 
drives  before  it  and  out  at  the  upper  orifice  the  air  from  the  mine, 
which  cannot  return  because  the  pistons  are  always  nearly 
touching  at  the  centre. 

A  large  ventilator  was  erected  at  the  Chilton  mine,  in  the 
north  of  England  (see  Fig.  309).  The  length  of  the  longer  axis 
of  each  revolving  drum  or  piston  is  25  feet,  and  the  length  of  the 
smaller  axis  7  feet  6  inches.  Each  piston  is  13  feet  wide,  and  is 
covered  with  plate  iron  \  inch  thick.  The  casing  or  cylinder  in 
which  they  revolve  is  edged  with  cast  iron,  and  wooden  pieces 
adjusted  by  wedges  diminish  the  clearance  between  the  revolving 
pistons  and  the  casing  or  cylinder  to  \  inch.  The  machine  is 
driven  by  two  cylinders  28  inches  diameter  and  4  feet  stroke. 
On  the  crank-shafts  are  two  bevelled  wheels,  gearing  into  other 
two  wheels  on  the  revolving  shafts  of  the  air-pistons. 

The   efficiency  of  this  machine,  as  in  the  case  of  Cooke's, 


Fig.  308. — Root's'small  ventilator. 
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depends  on  the  accuracy  with  which  the  pistons  can  be  adjusted 
to  the  casing  or  cylinder,  and  on  the  amount  of  power  absorbed 
in  friction  of  the  working  parts. 

Screw  Ventilators. — As  a  current  of  air  gives  movement 
to  a  windmill,  so  a  windmill,  if  driven  by  steam-power,  would 
give  movement  to  the  air.  Ventilators  in  shape  like  the  sails  of 
a  windmill  have  been  placed  in  a  circular  aperture  in  a  wall,  one 
side  of  which  was  connected  with  the  upcast,  the  other  side 
with  the  open  air. 

Sometimes,  instead  of  a  number  of  vanes  as  in  the  windmill, 
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Fig.  310. — Screw  venti- 
Fig.  509 Root's  large  ventilator.  lator. 

one  vane  only  is  used,  but  it  is  prolonged,  so  as  to  form  a  screw 
(see  Fig.  310).  This  kind  of  ventilator  is  not  adapted  to  mines, 
as  it  does  not  produce  a  sufficient  difference  in  pressure,  though 
it  has  been  successfully  employed  for  the  ventilation  of  factories 
and  other  buildings,  where  the  distance  traversed  by  the  air- 
current  is  very  short. 

There  are  many  modifications  of  the  rotary  and  screw  type 
of  machine,  but  they  have  not  come  into  general  use. 

Centrifugal  Machines. — By  far  the  greater  number  of 
mechanical  ventilators  are  centrifugal  machines,  and  there  can  be 
little  doubt  that  they  are  at  once  the  cheapest,  simplest,  and 
most  efficient. 

Centrifugal  force  is  the  force  with  which  any  body,  revolving 
in  a  circle,  tends  to  move  away  from  the  centre.     Trie  reason  of 


218 


MINING. 


this  tendency  is  found  in  one  of  the  laws  of  motion,  that  any  body 
set  in  motion  in  any  given  direction  will  continue  to  move  in 
that  direction  until  some  external  force  turns  it  another  way,  or 
stops  it.     Thus  a  wooden  ball  rolled  along  an  alley  will  continue 
in  the  direction  in  which  it  is  thrown  until  it  comes  in  contact  with 
a  pin.  A  billiard-ball,  if  struck  in  the  centre,  continues  in  the  direc- 
tion given  until  it  strikes  another  ball  or  the  cushion.     A  rifle-bullet 
goes  straight  until  the  resistance  of  the  air  combined  with  the 
attraction  of  the  earth  causes  it  to  fall  to  the  ground.     Therefore 
no  loose  body  can  move  in  a  circle — it  must  be  tied  to  the  centre, 
as  a  young  horse  will  trot  round  a  circle  when  held  with  a  cord, 
or  the  rim  of  a  fly-wheel  revolves  in  a  circle,  being  held  by  the 
arms  to  the  central  boss,  or  a  stone  in  a  sling  revolves  in  a  circle 
until  the  sling  is  opened  by  loosening  one  string  (when  the  stone 
immediately  proceeds  in  a  straight  line). 

In  the  same  way,  air  can  only  revolve  in  a  circle  when  it  is 
enclosed  in  a  case.  If,  therefore,  a  wheel  with  paddles  revolves 
in  a  case  open  at  the  circumference,  and 
with  a  central  inlet  (see  Fig.  311)  the  air 
which  is  at  the  periphery  of  the  fan  imme- 
diately leaves  the  fan  in  straight  lines.1 
The  place  previously  occupied  by  the 
departing  air  is  filled  by  air  from  the  inte- 
rior of  the  fan,  entering  through  the  central 
orifice.  It  has,  however,  been  found  that 
where  there  is  a  simple  paddle-wheel,  the 
place  of  the  departing  air  is  also  supplied  by  atmospheric  air, 
instead  of  entirely  by>  air  from  the  interior  of  the  fan.  This 
supply  of  atmospheric  air  is  technically  termed  re-entry.  The 
amount  of  this  re-entry  may  be  so  considerable  as  to  make  the 
fan  very  inefficient. 

One  of  the  most  efficient  centrifugal  fans  ever  constructed  is  the 
old-fashioned  winnowing-machine.  In  this  the  revolving  paddles 
are  enclosed  all  round,  with  the  exception  of  three  openings,  one 
on  each  side  at  the  centre  for  the  admission  of  air,  and  one  on  the 
circumference  for  the  escape  of  air ;  re-entry  is  thus  prevented. 

Guibal  Pan. — The  Guibal  fan  is  an  adaptation  of  the  old 
winnowing-machine,  for  the  ventilation  of  mines.  Figs.  3T2  and 
313  show  the  design.  As  usually  constructed,  it  varies  in 
diameter  from  30  to  50  feet,  and  in  width  from  10  to  14.  feet. 
The  air  enters  on  the  side  opposite  to  the  engine,  and  is  delivered 

1  These  lines  are  tangents  to  the  circle  ;  for  a  straight  line  which  passes  the 
circumference  of  a  circle,  touching  without  cutting  the  circle,  is  a  tangent.  In 
the  figure  an  external  casing  as  in  a.  Schiele  fan  is  drawn,  but  for  the  illustra- 
tion of  this  paragraph  the  reader  must  take  no  notice  of  this  casing. 


Fig.  311. — Centrifugal  fan. 
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into  a  vertical  uptake.  The  orifice  next  the  fan  is  contracted, 
40  square  feet  being  a  suitable  opening  for  a  fan  30  feet  diameter 
and  10  feet  wide,  running  at  speeds  of  from  50  to  65  revolutions, 
the  quantity  of  air  passing 
being  from  84,000  to  1 1 1,000 
cubic  feet  per  minute.1 

The  size  of  the  orifice 
should  be,  in  some  degree, 
proportional  to  the  quantity 
of  air  passing.  The  uptake 
is  gradually  enlarged  to  the 
top,  making  what  is  techni- 
cally called  an  ivasee  delivery. 
The  effect  of  this  is  that  the 
speed  of  the  current  slackens 
as  it  approaches  the  top  of 
the  chimney,  and  some  of 
the  energy  in  the  air  is  thus 
available  for  diminishing  the 
atmospheric  pressure  on  the 
fan,  and  consequently  on  the 
upcast  top. 

These  fans  have  been  very 
largely  adopted.  There  is  a 
good  deal  of  vibration  in  them,  sometimes  leading  to  serious 
breakages ;  this  vibration  is  much  diminished  by  using  the  altered 
shutter,  giving  a  larger  and  more  gradual  discharge  (see  Fig.  312). 


Fig.  312. — Guibal  fan  :   front  view  of  shutter. 
Dotted  shading  shows  anti-vibrating  shutter. 


Fig.  313 — Leeds  fan  :  longitudinal  section. 

'  This  is  taken  from  a  paper  read  by  Mr.  Robert  Howe  at  the  Chesterfield 
and  Midland  Counties  Institution.  Mr.  Howe  made  a  most  careful  and 
valuable  series  of  experiments. 
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This  figure  shows  a  V-shaped  opening  in  the  shutter  indicated  by 
dotted  lines.  Owing  to  their  great  weight,  it  is  sometimes  diffi- 
cult to  keep  the  bearings  cool.  The  efficiency  of  some  of  them 
is  given  in  Table  X.  (p.  225). 

Leeds  Fan. — The  Leeds  fan  (see  Figs.  313,  314,  315)  is  a 

modification  of  the 
Guibal,  having  two 
central  orifices  for 
the  admission  of  air, 
and  the  width  of  the 
fan  being  rather  less, 
a  ventilator  40  feet 
in  diameter  being 
only  10  feet  in 
width.  These  fans 
give  satisfaction,  and 
are  subject  to  the 
same  remarks  as  the 
Guibal  as  to  vibra- 
tion and  weight. 

Waddle  Pan.— 
This    fan   (see    Fig. 


Fig.  314. — Leeds  fan  :  transverse  section. 


3 1 6  and 
called  an 
ning  fan. 


316a) 
open  run- 
It  will  be 


seen,  on  reference  to  the  figures,  that  the  fan  is  made  of  two 
circular  iron  plates  or  discs,  one  of  which  is  flat  and  the  other 
convex  on  the  outside.     The  diameter  of  these  machines  varies 

from  20  to  50  feet. 
In  the  case  of  a 
30-feet  machine,  the 
two  plates  are  3  feet 
2  inches  apart  at  the 
centre,  and  1  foot  4 
inches  apart  at  the 
periphery,  and  are 
united  by  iron  vanes 
or  paddles. 

There  is  one 
central  orifice  1 2  feet 
in  diameter,  through 
which  the  mine  air 
enters ;  as  the  fan  revolves  the  air  is  expelled  at  the  periphery, 
receiving  a  fresh  supply  from  the  centre.  The  central' orifice 
has  round  it  a  wooden  rim,  which  works  close  against  the  fixed 
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Fig.  315.— Leeds  fan  :  ground  plan. 
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rim  in  the  wall,  so  that  very  little  air  can  enter  at  the  joint. 
This  joint  is  also  sometimes  closed  by  a  leather  flap  nailed  to  the 
stationary  rim  which  partially  closes  the  joint.     If  properly  made, 


.WADDLE    FAN 


Figs.  316,  316a.— Waddle  fan. 

very  little  leakage  can  take  place.  The  fan  is  so  shaped  that  the 
speed  of  the  air  passing  through  it  is  the  same  all  the  way  along, 
and  the  width  of  the  circumferential  orifice  is  so  narrow  that  the 
re-entry  is  not  excessive.  These  fans  aTe  largely  used,  and  give 
satisfaction. 

Rammell  Fan. — This  fan  (see  Figs.  317  and  317a)  is  similar 
to  the  waddle,  and  has  two  central  orifices  for  the  admission  of 
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Fib.  317. — Rammell  fan. 


Fig.  317a. — Rammell  fan.     d,  fixed  adjutage ; 
f,  revolving  fan. 


air,  and  the  fan-shaft,  being  longer  on  this  account,  requires  three 
bearings.  The  circumferential  orifice  is  narrowed  near  the 
extremity  to  half  the  width,  with  the  intention  of  reducing  the 
chances  of  re-entry.  Only  a  few  of  these  fans  have  been  erected ; 
they  give  satisfaction.1 

1  The  fan  is  also  made  without  the  adjutage  d. 
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G wynne  Pan. — The  Gwynne  fan  (see  Fig.  318)  is  similar 
to  a  Rammell  put  inside  a  casing  like  a  Guibal.     This  fan  is  14 

feet  in  diameter,  and 
hastwo  central  orifices 
5  feet  wide ;  peri- 
phery, 10  inches  wide; 
width  at  centre,  2 
feet  4  inches  ;  engine 
cylinder,  16  inches 
diameter;  stroke,  16 
inches ;  150  revolu- 
tions per  minute. 
This  fan  gives  satis- 
faction. 


SIDE    VIEW 


Fig.  318. 


SECTION 

-Gwynne  fan,  14  feet  diameter. 


Frc.  319- 


-Bowlker  and  Watson's  fan  :  elevation 
and  part  section. 
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Fig.  320. — The  Schiele  ventilator. 


Fig.  319*. — Ditto  :  vertical 
transverse  section. 

Bowlker  and 
Watson  Fan  (see 
Fig.  319  and  3190)  — 
This  is  like  a  small 
Guibal,  8  feet  6  inches 
in  diameter,  about  3 
feet  wide,  two  central 
inlets  each  4  feet  8 
inches  diameter,  three 
ivash  deliveries.  It 
seems  to  give  good 
results. 

Schiele. — Schiele's 
fan  is  a  fan  of  small 
diameter,  driven  at  a 
proportionately  greater' 
number  of  revolutions- 
by  means  of  a  belt 
from  the  fly-wheel  of 
the   steam-engine   (see-. 


Fig.  320).  It  is  made  in  diameters  varying  from  5  feet  up  to 
15  feet.  It  is  in  principle  the  same  as  the  Guibal  fan,  with  two- 
central  orifices  for  the  admission  of  air ;  but  the  vanes  are  tapered 
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towards  the  periphery,  and  the  casing  is  eccentric,  so  that  its 
evasee  character  is  circular  in  form.  A  12-feet  Schiele  had  a 
width  at  the  periphery  of  2  feet  1  inch.  A  number  of  these  fans 
are  in  use,  and  give  satisfaction. 

Capell. — Capell  fan  (see  Fig.  321).  This  fan  is  very  similar 
to  the  Guibal,  is  sometimes  made  with  one  central  orifice,  and 
sometimes  with  two  like  a  Leeds  fan.     It  is  of  small  diameter, 
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Fig.  321. — Capell  fan. 

varying  from  5  to  15  feet.  The  vanes  are  wide,  being  8  feet  wide  in 
a  10-feet  fan.  It  is  driven  by  a  belt  from  the  fly-wheel  of  the  engine, 
or  by  cotton  ropes,  say  six  in  number,  running  in  grooved  wheels. 
The  speed  of  periphery  is  the  same  as  in  large  fans,  but  the  num- 
ber of  revolutions  is  of  course  greater.  Mr.  Capell  attaches  great 
importance  to  the  shape  of  his  vanes,  but  it  may  be  a  matter  of  con- 
troversy as  to  how  far  the  peculiarities  of  shape  affect  the  results. 
A  number  of  these  fans  are  now  at  work,  and  give  satisfaction. 

Medium  Pan  (see  Fig.  322). — This  fan  was  designed  and 
erected  by  the  writer  of  this  treatise,  and  is  named  Medium 
because  it  is  neither 
very  large  nor  very 
small.  It  is  similar  to 
a  Waddle  fan  revolv- 
ing in  a  Guibal  casing. 
It  is  20  feet  in  dia- 
meter ;  the  discs  P,  P 
are  2  feet  6  inches  dis- 
tant at  the  centre,  and 
9  inches  distant  at 
the  periphery.  The 
upper  half  of  the  casing  in  which  the  fan  revolves  is  divided  by 
a  vertical  partition  DD  on  each  side  of  the  fan,  so  that  the  air 
in  contact  with  the  outside  of  the  fan  cannot  revolve  with  it,  but 
is  deflected  into  the  uptake.  The  air  enters  by  the  passage  M 
through  the  orifice  in  one  disc  AA.  The  engine  is  attached  to 
the  crank  K.  All  the  dimensions  are  modified  as  required  to 
1  This  was  patented  by  Arnold  Lupton. 


Fig.  322. — The  Medium  fan  (patent  ')  :  vertical 
sections. 
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suit  each  mine.  The  speciality  of  this  fan  consists  in  the  careful 
proportionment  of  the  casing,  the  proportions  of  the  fan  itself, 
and  in  the  deflecting  partition.     The  fan  gives  satisfaction. 

There  are  many  other  ventilators,  such  as  Lemielle's,  Fabry's, 
Gunter's,  Goffint's,  etc. 

Principles  of  Fan-construction. — The  centrifugal  ventila- 
tor is  the  best,  because  if  carefully  made  very  little  power  need 
be  wasted.  There  are  no  valves,  so  that  if  strongly  made  it  may 
last  for  generations,  and  any  desired  ventilating  pressure  can  be 
obtained  by  its  use. 

The  ventilating  pressure  produced  by  a  fan  varies  as  the 
square  of  the  velocity  of  the  fan-tips — that  is  to  say,  if  the  speed 
of  the  fan  is  doubled,  the  ventilating  pressure  will  be  quadrupled  ; 
if  the  speed  of  the  van  is  trebled,  the  ventilating  pressure  will  be 
nine  times  ;  if  the  speed  of  the  fan  is  quadrupled,  the  ventilating 
pressure  will  be  sixteen  times;  so  that  to  obtain  any  desired 
increase  of  ventilating  pressure  £  comparatively  small  increase  of 
speed  only  is  required.  The  pressure  that  may  be  expected  from 
a  ventilating  fan  can  be  ascertained  from  the  following  rule  : — • 

Let  H  =  ventilating  pressure  in  height  of  air-column. 

V  =  speed  of  fan-tips  (that  is,  periphery)  in  feet  per  second. 
Then  H  =  V2  4-  64 

Take  an  instance.     Let  V  =  80  feet. 

Then  H  =  802  -f-  64  =  100 

100  cubic  feet  of  air  at  a  temperature  of  650  weigh  7 '58  lbs., 
and  that  is  the  ventilating  pressure  produced  per  square  foot. 
This  divided  by  5*2  gives  i"46  inch  W.G. 

If  the  speed  of  the  fan  is  160,  then,  applying  the  rule — 

H  =  V2  4-  64,  or  — —  =  400 
64 

If  the  temperature  of  the  air  passing  through  the  fan  is  65°, 
then  the  ventilating  pressure  will  be  30-32  lbs.  per  square  foot, 
and  this  divided  by  52,  the  weight  of  1  inch  of  water  over  1 
square  foot,  gives  5 '83  inches  W.G. 

In  some  fans,  as,  for  instance,  the  Waddle  and  Rammell,  the 
water-gauge  is  less  than  that  due  to  this  rule— say  ,%  only  of  the 
theoretical  water-gauge. 

In  the  Schiele  the  water-gauge  is  often  still  less,  say  o-66.  In 
others,  as  in  the  Guibal,  Leeds,  Gwynne,  and  Medium,  the  water- 
gauge  is  more  than  the  theoretical  water-gauge,  being  equivalent  to 
y£,  and  up  to  |g-.  But  this  is  not  always  the  case  with  these  fans. 
The  water-gauge  falls  when  there  is  more  than  a  moderate  supply 
of  air ;  the  fall  in  the  water-gauge  is  probably  due  to  frictional 
resistance  to  the  passage  of  a  large  current  through  the  fan. 
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It  must  not,  however,  be  supposed  that  the  efficiency  of  the 
fan  necessarily  corresponds  to  the  water-gauge  obtained  at  any 
given  speed.  Thus  a  fan  that  gives  a  low  water-gauge  may  be 
very  efficient,  whilst  the  fan  giving  a  high  water-gauge  may  be 
comparatively  inefficient. 

The  power  of  the  engine  driving  a  fan  is  absorbed,  first,  in 
giving  velocity  to  the  air  inside  the  fan  ;  secondly,  in  overcoming 
the  friction  of  the  piston,  crank-pin,  valves  and  journals  of  crank- 
shaft, and,  in  the  case  of  a  fan  on  the  second  motion,  the  friction 
of  the  journals  of  the  fan,  and  in  bending  the  belt :  also,  in  the 
case  of  a  Guibal  fan,  there  is  friction  of  the  air  against  the  sides  of 
the  casing  •  in  the  Waddle  fan  there  is  friction  of  the  air  outside 
the  revolving  plates,  and  there  is  also  some  re-entry. 

The  results  actually  obtained  as  recorded  by  various  observers 
are  given  in  Table  X. 


Table  X. — Fan  Experiments. 


Revolu- 

Cubic 

W.G. 

Useful 

effect 

per  cent. 

Name  of  fan. 

Dimensions. 

tions 

per 

minute. 

feet  of  air 

per 

minute. 

at  fan 

in 
inches. 

Diam.          Wide. 

Guibal 

30  ft.  X  IO  ft. 

6o-o 

104,299 

2-95 

65-24 

,, 

Soft.  X  12  ft. 

40-98 

108,422 

3-3 

40-0 

R  amine  1 

32  ft. 

62-0 

80,500 

2-45 

47*43 

Waddle 

30  ft. 

6o-o 

89,160 

1-7 

58-22 

,, 

45  «• 

52-08 

163,312 

3-08 

52-79 

Schiele 

12  ft.  X  2  ft.  I  in. 

1800 

157,176 

1-91. 

46-12 

G  wynne 

14  ft. 

ioi-o 

17,150 

i-7 

57-37 

Struve 

2  pistons.        Stroke. 

2  strokes. 

_ 

40-0 

,, 

18  ft.  3in.  X  7  ft. 

6-53 

43.793 

5-n 

57-8 

Lemielle 

Chamber.          Height. 



29,000 

1-65 

63-4 

»» 

22  ft.  6  in.         32  ft. 
2  drums.          Casing. 

9-9 

47,3°7 

i-37 

23-4 

Cooke 

I  <Z  ft.            22  ft. 

17-92 

S4,i9o 

I-I2 

37-33 

Jl 

2  drums^                Wide. 

26-0 

101,308 

I-I2 

64-0 

Root 

25  ft.  x  13  ft. 

18-0 

101,696 

5"o 

64-19 

,,     ... 

25  ft.  x  13  ft. 

16-71 

89,772 

3-29 

47-84 

Bowlker     and 

Watson 

8  ft.  6  in.  X  3  ft- 

150-0 

19,860 

1-27 

57-6 

Capell 

10  ft.  X  8  ft. 

2160 

92,400 

2-6 

6i-o 

1, 

12  ft.  6  in.  X  5  ft.  8  in. 

212-5 

122,012 

3-85 

72-0 

>> 

12  ft.  6  in.  X  5  ft.  8  in. 

iio-o 

60,084 

i-o 

59-5 

Medium 

20  ft. 

51-5 

52,676 

o-8 

75-4 

91                           ... 

20  ft. 

6o-o 

51,392 

0-95 

65-5 

Leeds 

40  ft.  X  10  ft. 

50-0 

254,500 

2-6 

6o-o 
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Upon  these  results  it  may  be  observed  that  accuracy  is  got 
only  with  difficulty.  To  obtain  it  the  following  rules  must  be 
observed : — 

The  fan  cylinder  should  be  indicated  at  both  ends  simul- 
taneously, and  the  indications  should  be  continuous  for,  say,  half 
an  hour  or  more,  because  a  slight  fluctuation  in  velocity  might 
lead  to  a  considerable  alteration  in  the  diagram;  secondly,  the 
velocity  should  be  taken  with  great  accuracy  by  means  of  a  stop- 
watch ;  thirdly,  care  must  be  taken  that  the  water-gauge  is  pro- 
tected from  currents,  and  is  so  taken  as  to  represent  the  pressure 
in  the  fan-drift,  and  not  just  part  of  the  orifice  of  the  fan. 

The  tunnel  where  the  air  is  measured  should  be  divided  as 
nearly  as  possible  into  equal  squares  by  means  of  strings  or  wires. 
The  squares  may  vary  from  i  square  foot  to  4  square  feet  in  area ; 
the  smaller  they  are  the  more  accurate  the  results  obtained. 

The  anemometer  should  be  held  in  each  square  for  an  equal 
period,  say  10  seconds.  After  it  has  been  held  in  each  square, 
the  distance  recorded  on  the  anemometer  dial  is  the  lineal 
measurement  of  the  air  that  has  passed  the  anemometer,  and 
this  divided  by  the  time  in  minutes  gives  the  average  speed  per 
minute. 

This  observation  should  be  repeated  several  times,  the  engine 
being  indicated,  the  number  of  revolutions  counted,  and  the  water- 
gauge  observed,  at  the  same  time. 

At  least  five  observers  are  necessary  if  the  measurements  are  to 
be  taken  with  proper  care. 

The  anemometer  must  be  carefully  tested  at  similar  speeds  to 
those  of  the  air-currents. 

The  percentage  of  power  absorbed  by  the  friction  of  the 
bearings  depends  a  good  deal  upon  the  weight  of  the  machine, 
and  the  weight  of  the  machine  increases  as  the  cube  of  the 
diameter. 

If  the  diameter  of  one  fan  is  2,  and  that  of  another  fan  of  the 
same  kind  is  4,  then  the  weight  will  be  as  28 :  4s,  or  as  8  :  64. 
Therefore  a  40-feet  fan  will  be  eight  times  as  heavy  as  a  20-feet  fan. 
If  the  diameter  of  the  fan  is  doubled,  the  diameter  of  the  shaft  to 
which  the  fan  is  fastened  will  have  to  be  more  than  doubled ;  if 
the  same  speed  of  periphery  is  maintained  in  each  case,  the  speed 
at  which  the  shaft  revolves  in  the  journal  will  be  greater  in  the 
case  of  the  large  fan  than  in  the  case  of  the  small  one.  Therefore, 
in  the  case  of  the  large  fan  there  will  be  not  only  eight  times  the 
weight,  but  this  weight  will  be  moving  at  a  greater  speed  than  in 
the  case  of  the  small  fan,  so  that  the  shaft  friction  will  be  more 
than  eight  times  as  great  if  each  journal  is  quite  cool. 

It  is,  however,  often  difficult  to  keep  the  journals  of  large  fans 
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cool,  and  it  is  not  improbable  that  the  friction  of  a  40-feet  fan 
will  be  ten  times  that  of  a  20-feet  fan  for  equal  speeds  of  periphery, 
and  as  the  work  done  depends  on  the  speed  of  periphery,  there 
will  be  ten  times  as  much  power  wasted  in  the  friction  of  the 
journals  of  the  large  fan.  The  good  results  obtained  with  small 
fans  are  thus  easily  accounted  for. 

It  may  be  possible,  however,  to  make  fans  too  small,  because 
when  a  large  quantity  of  air  has  to  be  passed  through  it,  the  friction 
becomes  excessive  unless  there  is  a  good  air-space.  The  small 
efficiency  of  some  small  fans  is  doubtless  because  a  large  part  of 
the  power  is  absorbed  in  the  friction  of  the  air  passing  through 
the  fan  itself;  it  would  be  mostly  saved  were  the  dimensions  made 
a  little  larger. 

Economy  of  Pans. — The  amount  of  fuel  required  for  one 
horse-power  of  steam  varies  from  1^  lb.  up  to  say  30  lbs. 
of  coal  per  horse-power  per  hour.  The  former  figure  is  the 
best,  practically,  of  the  present  day ;  the  latter  figure,  absurdly 
wasteful  as  it  is,  is  perhaps  more  common  than  some  would 
suspect. 

The  usual  consumption  by  common  land  engines,  working 
continuously  day  and  night,  is  from  5  lbs.  up  to  10  lbs.  of  fuel 
per  horse-power  per  hour ;  but  it  is  always  possible,  at  a 
reasonable  expense,  to  erect  an  engine  suitable  for  driving  a  fan 
which  would  not  consume  more  colliery  slack  than  4  lbs.,  per 
horse-power  per  hour. 

Owing  to  the  expense  of  maintaining  the  engines  and  boilers, 
4  lbs.  of  fuel  used  in  driving  a  fan  will  cost  as  much  as  8  lbs. 
simply  thrown  on  to  a  ventilating  furnace.  Therefore,  if  the  fan 
gave  only  50  per  cent,  of  useful  effect,  and  the  engine  consumed 
4  lbs.  of  coal  per  horse-power  per  hour,  8  lbs.  of  coal  would  be 
required  per  horse-power  in  the  air,  and  this  would  be  equivalent 
in  value  to  16  lbs.  of  fuel  in  a  ventilating  furnace,  which  is  the 
amount  required  per  horse-power  by  a  ventilating  furnace  at  a 
depth  of  1500  feet;  so  that  at  that  depth  and  at  greater  depths 
the  furnace  would  be  more  economical,  while  at  less  depths  the 
fan  would  be  more  economical.  If,  however,  the  fan  had  an 
efficiency  of  75  per  cent.,  then  4  lbs.  of  fuel  per  horse-power 
engine  would  equal  a  consumption  of  5-33  lbs.  per  horse-power 
in  the  air  =  cost  of  io-66  lbs.  burnt  in  a  furnace,  which  is  about 
the  amount  of  fuel  required  for  a  furnace  at  a  depth  of  2400  feet. 
There  is  no  reason  why  a  fan  should  not  give  an  efficiency  of 
75  per  cent.,  or  why  an  engine  should  not,  using  ordinary  colliery 
slack,  be  driven  with  only  3  lbs.  of  fuel ;  and  in  this  latter  case 
the  fan  would  be  as  economical  as  the  furnace  at  a  depth  of 
3000  feet. 
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In  the  fiery  districts  of  the  Midland  Counties,  Glamorganshire, 
and  North  and  South  Wales,  the  fan  would  always  be  preferred  at 
a  new  colliery,  irrespective  of  its  economy. 

Theory  of  Ventilation. — The  following  general  rules,  which 
are  in  accordance  with  the  writings  of  the  late  J.  J.  Atkinson, 
if  not  exactly  accurate,  are  sufficiently  accurate  for  ordinary 
approximate  calculations,  and  represent  what  may  be  called  the 
orthodox  theory : — 

Rule  I. — For  the  practical  purposes  of  a  miner,  the  friction  of 
one  particle  of  air  against  another  need  not  be  regarded.  The 
resistance  to  an  air-current  arises  from  its  contact  with  solid 
substances. 

Rule  II. — The  resistance  to  an  air-current,  which  is  sometimes 
called  "  friction  "  and  sometimes  "  drag,"  is  proportional  to  the 
extent  of  solid  substance  with  which  it  comes  in  contact. 

Rule  III. — The  pressure  required  to  impart  velocity  to  an  air- 
current  varies  as  the  square  of  the  velocity  given. 

Rule  IV. — The  resistance  to  an  air-current  in  the  passages  of 
a  mine  varies  as  the  square  of  the  velocity. 

Rule  V. — The  resistance  to  an  air-current  in  a  passage  varies 
inversely  as  the  sectional  area. 

Rule  VI. — The  power  required  to  overcome  the  resistance  to 
an  air-current  in  the  passages  of  a  given  mine  varies  as  the  cube 
of  the  velocity. 

In  the  following  rules  K  represents  the  coefficient  of  friction ; 
that  is  <  to  say,  the  resistance  of  each  square  foot  of  air-passage  at 
a  given  velocity,  say  i  foot  a  minute. 

Rule  VII. — The  resistance  measured  in  pounds  per  cubic  foot 
of  air-current  =  the  coefficient  of  friction  x  the  total  extent  of 
rubbing  surface  X  the  velocity  squared,  and  divided  by  the 
sectional  area  of  the  air-road. 

Let  K  =  coefficient  of  friction. 

A  =  sectional  area  of  air-road  in  square  feet. 

V  =  velocity  of  air-current  in  feet  per  minute. 

L  =  length  of  air-road. 

C  =  perimeter ;  that  is,  circumference  if  round,  or  four 

sides  if  square. 
R  =  rubbing  surface  or  superficial  area  of  the  air-passages 

in  square  feet  =  L  X  C. 
P  =  ventilating  pressure  in  pounds  per  square  foot. 

ThenP  =  ^ 
A 

Let  F.P.  =  foot-pounds  of  work  done. 
H.P.  =  horse-power. 
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F.P. 
H.P. 


Rule  VIII.—  F.P.  =  KRV8 

KRV8 


33,000 
For  the  purpose  of  comparing  the  friction  of  air-ways   of 
different  diameter,  it  is  useful  to  bear  in  mind  that  the  ventilating 
pressure  varies  inversely  as  the  fifth  power  of  the  diameter;  or, 
if  D  =  the  diameter,  then — 

Rule  IX. —  P  varies  as  — 

Ds 
The  following  rule  shows  how  the  coefficient  of  friction  may 
be  obtained : — 

Rule  X.—  K  =  P  x  A 

R  x  V2 

But  for  practically  ascertaining  the  coefficient  of  friction  of  a 
mine  in  which  the  air-road  has  a  varying  section,  it  is  necessary 
to  calculate  the  dimensions  of  a  hypothetical  air-road,  which  shall 
have  a  resistance  equal  to  those  of  the  air-roads  existing  in  the 
mine. 

Let  L'  =  the  length  of  the  hypothetical  air-road. 
A'  =  the  area  of  the  hypothetical  air-road. 
C  =  the    periphery   of    the    hypothetical    air-road,    the 

dimensions  of  which  may  be  fixed  at  will. 
R  =  the  rubbing  surface  in  the  actual  road. 
A  =  the  sectional  area  of  the  actual  road. 

Rule  XI.—  L'  =  A^x_R 

C'xA' 

Rule  XII.—  Q  =  x  /  **  x  A 

^    KR 

A  great  variety  of  rules  may  be  constructed  out  of  the  fore- 
going by  any  one  who  has  mastered  their  principles. 

Explanation  and  Illustration  of  Rules. — With  regard  to 
Rule  I.,  it  is  sufficient  to  observe  how  freely  the  air  moves  when 
there  are  no  solid  obstructions — the  wind  blowing  briskly  on  the 
top  of  a  hill  when  in  the  valley  below  it  is  quite  calm,  or  when 
there  is  a  strong  wind  blowing  over  a  plain,  it  is  checked  by 
passing  through  a  grove  of  trees.  Or  in  the  case  of  a  mine 
entered  by  a  level  from  the  hillside,  the  return  air-course  also 
being  on  the  same  level,  and  there  being  no  vertical  or  incline 
shafts  to  cause  a  difference  in  pressure ;  in  such  a  case,  whilst  a 
strong  wind  may  blow  against  the  opening  of  the  mine,  there  will 
be  very  little  wind  in  the  interior,  showing  that  the  air-current  is 
stopped  by  having  to  pass  through  a  narrow  passage. 
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Rule  II.  follows  naturally  from  No.  I.  If  it  is  contact  with 
solid  substances  that  impedes  the  current  of  air,  then  the  more 
such  contact  there  is  the  greater  the  impediment. 

The  practical  value  of  this  rule  may  be  illustrated  by  referring 
to  Fig.  323.  Here  is  a  circle  and  a  square;  each  has  the  same 
area,  but  the  square  has  the  greater  length  of 
periphery — that  is  to  say,  the  four  sides  of  the 
square  are  longer  than  the  circumference  of 
the  circle;  therefore  the  air  passing  along  the 
square  road  will  be  in  contact  with  more  sur- 
face, and  will  experience  a  proportionately 
greater  resistance.  Or,  referring  to  Fig.  324, 
there  is  shown  one  road  10  feet  square,  the 
sectional  area  of  which  is  100  feet,  and  the  periphery  40  feet. 
There  are  also  four  smaller  roads,  each  5  feet  square,  the  sectional 
area  of  each  of  these  roads  25  feet,  and  the  periphery  20  feet ;  the 


Fig.  323. — Circle 
and  square. 


C-60 


Fig.  324. — Square  road  and  four  small  roads. 

total  area  of  the  four  roads  is  100  feet,  the  total  periphery  80  feet, 
which  is  twice  the  periphery  of  the  single  lo-tfeet  road.  There- 
fore the  resistance  to  the  air-current  in  passing  through  these 
four  small  roads  will  be  twice  the  resistance  to  an  equal  current 
passing  through  the  one  large  road. 

Or,  instead  of  four  small  roads,  take  the  case  (Fig.  325)  of  one 
road  very  wide  and  very  low,  say  37-4  feet  wide,  and  2-67  feet 

s. -374  -- -- v        high,  with  a  sectional  area 

f  Tz~67   of   100    square    feet.     In 

~ ■ — ; "'     this  case  the  periphery  is 

t  ig.  325. — JN  arrow  road  and  square  road.  r»  r  j 

80-14  feet,  as  compared 
with  the  40-feet  periphery  of  the  10-feet  road,  and  the  resistance 
is  proportionately  greater,  the  roads  in  each  case  being  the  same 
length.  Or,  to  take  another  illustration,  suppose  one  air-road  to 
be  1000  feet  long,  and  another  air-road  of  precisely  the  same 
section  to  be  2000  feet  long;  there  will  be  twice  as  much  resist- 
ance in  the  long  road  as  in  the  short  one. 

Rule  III. — The  demonstration  of  this  rule,  at  first  sight  diffi- 
cult to  understand,  is  really  exceedingly  simple.  In  order  to 
ascertain  what  amount  of  power  is  necessary  to  impart  any  velocity, 
it  is  desirable  to  make  use  of  some  uniform  force.     This  force  is 
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generally  ready  to  hand  in  the  shape  of  gravity,  or  the  attraction 
of  the  earth. 

Every  body  attracts  every  other  body  in  proportion  to  its 
mass.  In  proportion  to  the  earth,  all  the  small  bodies  on  its  sur- 
face are  insignificant,  and  therefore  everything,  that  is  free  to 
move,  moves  towards  the  centre  of  the  earth.  The  atmosphere 
rests  upon  the  surface  of  the  earth,  every  building  does  the  same. 
A  stone  dropped  from  the  top  of  a  building  immediately  seeks  the 
centre  of  the  earth,  or,  in  other  words,  falls  down.  The  nearer  a 
body  is  to  the  centre  of  the  earth,  the  greater  the  force  with  which 
it  is  attracted ;  but  within  small  limits,  such  as  a  depth  of  a  mile,  the 
difference  in  the  amount  of  attraction  is  insignificant,  and  for  present 
purposes  may  be  entirely  disregarded.  Therefore  a  body  falling 
from  the  top  of  a  high  tower,  or  down  a  deep  pit,  is  subjected  to 
a  uniform  force — that  is,  the  uniform  attraction  of  the  earth,  which 
is  always  acting  upon  it,  and  from  which  it  cannot  escape.  In  a 
somewhat  similar  manner,  the  piston  of  a  steam  engine  is  influenced 
by  a  somewhat  uniform  force  in  the  shape  of  the  steam-pressure, 
and  so  long  as  the  supply  of  steam  is  adequate  and  the  area  of 
the  valves  and  ports  is  sufficient,  the  piston  is  subjected  to  a 
uniform  force,  no  matter  how  fast  the  engine  goes  in  trying  to 
escape  from  this  force.  But  with  the  best-regulated  steam-engines 
it  is  impossible  to  maintain  a  really  uniform  force  upon  the  piston 
at  varying  speeds,  and  therefore,  for  the  purpose  of  scientific 
experiment,  gravity  is  much  more  convenient. 

It  has  been  found  by  numerous  experiments  that  if  a  body  in 
a  state  of  rest  is  allowed  to  fall  during  the  time  of  1  second,  that 
it  will  fall  a  distance  of  16  feet,  if  there  is  no  material  to  obstruct 
it.  If  it  were  to  fall  in  water  it  would  not  fall  nearly  so  fast,  and 
if  it  were  to  fall  in  air  it  would  not  fall  quite  so  fast. 

To  ascertain  the  effect  of  gravity  upon  a  falling  body,  it  must 
fall  in  a  vacuum — that  is  to  say,  in  a  chamber  from  which  the  air 
has  been  exhausted.  The  resistance  of  the  air  is  a  matter  of 
common  observation.  A  light  body  'exposing  a  great  deal  of 
surface,  like  a  feather,  will  float  in  the  air,  whilst  a  body  of  equal 
weight  exposing  very  little  surface,  like  a  leaden  pellet,  will  fall 
very  quickly  through  the  air ;  but  in  a  vacuum  a  feather  and  a 
lump  of  lead  will  fall  together  equally  fast. 

It  has  also  been  ascertained,  if  a  body  falls  during  a  space 
of  2  seconds,  that  it  will  fall  a  distance  of  64  feet ;  and  if  it  falls 
during  a  space  of  3  seconds,  that  it  will  fall  a  distance  of  144  feet ; 
and  if  it  falls  during  4  seconds,  that  it  will  fall  a  distance  of  256 
feet.  That  is  to  say,  the  distance  fallen  is  proportional  to  the 
square  of  the  time  during  which  the  body  falls. 
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Time  squared. 

Distance  fallen 

Total  distance 

Velocity 

seconds. 

in  first  second. 

fallen. 

attained. 

I 

I 

16 

16 

32 

2 

4 

16 

64 

64 

3 

9 

16 

144 

96 

4 

16 

16 

256 

128 

From  the  above  table  it  will  be  seen  that  the  total  distance 
fallen  in  any  given  time  is  equal  to  the  square  of  the  time  in 
seconds  multiplied  by  the  distance  fallen  in  the  first  second.  The 
fifth  column  gives  the  velocity  acquired  in  any  given  number  of 
seconds,  which  the  student  can  easily  calculate  for  himself  from 
the  fourth,  column.  Thus  if  a  body  starting  from  a  state  of  rest 
falls  16  feet  in  one  second,  it  is  evident  that  16  feet  a  second  is 
the  average  speed  of  that  second.  But  the  speed  at  the  beginning 
of  the  second  was  nothing;  16  is  the  average  of  nothing  and  32, 
therefore  32  is  the  maximum  speed,  or  the  speed  attained  at  the 
end  of  the  first  second.  Again,  at  the  end  of  the  second  second 
the  total  distance  fallen  is  64  feet ;  deducting  from  this  the  distance 
fallen  at  the  end  of  the  first  second,  16  feet,  the  distance  fallen 
during  the  second  second  is  48  feet,  which  is  the  average  speed 
during  the  second  second.  But  the  speed  at  the  beginning  of 
this  second  was  32,  and  48  is  the  average  between  32  and  64, 
therefore  the  speed  at  the  end  of  the  second  second  must  have 
been  64  feet.  Again,  the  total  distance  fallen  at  the  end  of  the 
third  second  is  144 ;  144  -  64  (the  distance  fallen  at  end  of  second 
second)  =  80,  which  is  the  average  speed,  which  is  the  mean 
between  64,  the  speed  at  the  beginning  of  the  second,  and  96,  the 
speed  at  the  end  of  the  second.  The  total  distance  fallen  at  the 
end  of  the  fourth  second  is  256,  and  256  —  144  =  112,  which  is 
the  average  speed  and  the  mean  between  96  and  128,  which  latter 
figure  is  therefore  the  speed  attained  at  the  end  of  the  fourth  second. 

It  thus  appears  that  the  speed  attained  is  in  direct  proportion 
to  the  time,  32  feet  being  the  speed  attained  at  the  end  of  the  first 
second,  and  the  number  of  seconds  multiplied  by  32  is  the  speed 
attained  at  the  -end  of  any  given  time. 

It  would  be  natural  to  inquire  where  a  vacuum  256  feet  in 
height  could  be  found  for  the  purpose  of  such  an  experiment. 
But  the  above  laws  can  be  demonstrated  without  the  use  of  any 
such  expensive  apparatus  as  would  be  required  to  provide  an 
exhausted  hollow  column  256  feet  high. 

Fig.  326 1  shows  an  incline  down  which  a  roller  can  run.    This 

1  Designed  by  Professor  Stroud,  Yorkshire  College. 
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roller  consists  of  a  solid  metal  wheel  about  4!  inches  in  diameter 
and  -j^g-  inch  thick,  through  the  centre  of  which  is  a  spindle  about 
t3b-  inch  in  diameter.  The  spindle  is  laid  upon  two  thin  iron  rails 
on  the  incline,  the 
wheel  being  free  to 
revolve  between  the 
rails.  When  placed  on 
the  incline  it  natu- 
rally begins  to  roll 
down,  and  the  friction 
of  the  spindle  against 
the  rails  when  placed 
at    a   gende   slope   is 
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Fig.  326. — Inclined  plane  for  gravity  demonstration. 


such  that  it  will  not  slide  down,  therefore  it  cannot  go  down 
the  hill  without  causing  the  wheel  to  revolve.  The  wheel,  being 
perfectly  smooth,  meets  with  very  little  resistance  from  the  air 
as  it  revolves,  and  therefore  nearly  the  whole  effect  of  gravity 
is  spent  in  causing  the  wheel  to  revolve.  Had  this  wheel  been 
simply  dropped,  the  effect  of  gravity  would  have  been  expended 
in  causing  it  to  fall,  and  much  more  room  would  be  required  for 
such  an  experiment,  whilst  it  would  be  much  more  difficult  to 
observe.  If,  now,  the  wheel  is  allowed  to  roll  down  the  incline 
at  an  inclination  of  say  2^°,  and  a  mark  is  made  say  at  1  foot 
down  the  incline,  and  another  at  4  feet  down  the  incline,  it  will 
be  observed  that  the  first  foot  is  traversed  in  say  14I  seconds, 
and  the  whole  4  feet  is  traversed  in  say  29^  seconds.  That  is 
to  say,  that  4  feet  is  traversed  in  twice  the  time  of  1  foot,  which 
agrees  with  the  rule  previously  given. 

Accepting,  therefore,  this  demonstration  of  the  rule  above  given, 
we  have  an  exact  measurement  of  the  power  required  to  impart 
velocity.  A  velocity  of  32  feet  a  second  can  be  given  to  any 
body  by  raising  it  to  the  top  of  a  tower  16  feet  high,  in  falling 
from  which  it  will  acquire  a  velocity  of  32  feet ;  or  a  velocity  of 
128  feet  a  second  can  be  given  to  any  body  by  raising  it  to  the  top 
of  a  tower  256  feet  high,  in  falling  from  which  (in  a  vacuum)  it 
will  acquire  a  velocity  of  128  feet.  Or,-  again,  if  we  consider  the 
case  of  the  incline  and  have  to  roll  the  wheel  up  the  hill,  the 
gradient  being  uniform,  it  is  evident  that  it  will  take  four  times 
as  much  power  to  move  it  the  4  feet  as  to  move  it  1  foot  up  the 
hill,  and  in  rolling  down  the  4  feet  it  acquires  twice  the  velocity  that 
it  does  in  rolling  down  the  1  foot.  So  that  four  times  as  much 
power  has  to  be  expended  to  give  a  velocity  of  twice.  That  is  to 
say,  the  power  required  to  impart  velocity  varies  as  the  square  of 
the  velocity  given. 

This  rule  applies  to  every  substance  of  which  we  have  any 
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knowledge,  not  merely  to  solids,  but  to  liquids  and  gases.  But 
in  the  case  of  blowing  air  through  a  mine,  the  velocity  is  not  given 
by  allowing  the  air  to  fall  in  a  vacuum,  but  by  the  application  of 
a  steady  pressure,  and  it  may  be  useful  to  consider  how  far  this 
is  comparable  to  the  effect  of  falling.  If  a  cubic  foot  of  air  were 
to  fall  (in  vacuo)  16  feet,  it  would  acquire  a  velocity  of  32,  and 
the  work  done  in  giving  that  velocity  would  be  equal  to  work  done 
in  lifting  that  cubic  foot  of  air  to  the  height  of  a  column  16  feet. 
But  it  is  evident  to  every  mechanician  that  an  equal  amount 
of  work  would  be  done  in  lifting  16  cubic  feet  of  air  to  a  height 
of  only  1  foot.  If,  therefore,  we  suppose  a  column  of  air  16  feet 
high,  with  a  tap  at  the  bottom  of  the  column  issuing  into  a 
vacuum ;  then  the  air  would  rush  out  with  a  velocity  of  32, 
because,  by  the  time  the  whole  column  had  been  lowered  1  foot 
as  much  work  would  have  been  used  up  as  if  1  cubic  foot  had 
fallen  16  feet.  And,  again,  if  we  let  1  cubic  foot  of  air  fall  (in 
vacuo)  256  feet,  it  would  have  acquired  a  velocity  of  128  feet, 
and  the  work  done  in  giving  that  velocity  would  be  equal  to  that 
in  lifting  1  cubic  foot  256  feet  high ;  and,  in  the  same  way  as  in 
the  previous  instance,  it  is  evident  that  an  equal  amount  of  work 
would  be  done  in  lifting  256  cubic  feet  1  foot  high.  If,  therefore, 
we  imagine  a  column  256  feet  high,  with  a  tap  at  the  bottom,  the 
air  would  issue  into  a  vacuum  at  a  speed  of  128  feet,  because 
when  the  whole  column  had  been  lowered  1  foot  as  much  work 
would  have  been  used  up  as  if  1  foot  had  been  allowed  to  fall  the 
whole  256  feet.  And  thus  we  see  that  the  amount  of  work  required 
to  maintain  a  pressure  equal  to  a  given  height  of  column  during 
the  time  required  to  force  a  cubic  foot  of  air  from  under  that  pres- 
sure, is  equal  to  the  work  required  to  lift  that  cubic  foot  .to  the 
height  of  a  column  representing  the  pressure. 

If,  in  the  foregoing  illustration,  the  student  finds  difficulty  in 
imagining  that  any  work  has  to  be  done  in  lifting  air,  which  by 
his  daily  experience  floats,  let  him  substitute  water  for  air  in  the 
column,  and  the  analogy  will  hold  good.  It  is  thus  evident  that 
the  pressure  required  to  impart  velocity  varies  as  the  square  of 
the  velocity  given. 

This  can  be  easily  proved  by  experiment.  Take  a  glass  jar 
open  at  the  top,  with  an  orifice  near  the  bottom.  Let  this  orifice  be 
connected  by  a  flexible  tube  -f  inch  bore  with  a  glass  tube  about 
1  foot  long  and  J-inch  bore  laid  horizontally ;  put  two  marks,  one 
6  inches  above  the  other,  on  to  the  jar ;  fill  the  jar  with  water  up 
to  the  upper  mark,  then  hold  the  jar  so  that  the  water-level  is 
1  foot  above  the  £-inch  pipe,  and  note  the  time  required  for  the 
water  to  run  out  to  the  lower  mark.  Then  repeat  the  experiment, 
holding  the  jar  so  that  the  water-level  is  4  feet  above  the  pipe. 
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The  time  required  will  be  twice  the  time  of  the  first  experiment, 
showing  that  with  four  times  the  pressure  the  velocity  is  doubled. 

Rule  IV. — In  considering  this  rule  we  leave  the  category  of 
well-ascertained  scientific  facts,  and  enter  upon  an  inquiry  where 
the  experience  yet  ascertained  hardly  justifies  any  unqualified 
statement.  As  before  stated,  Rule  IV.  is  in  accordance  with  the 
orthodox  theory,  and  there  is  a  great  deal  of  reason  and  experience 
to  show  that  it  is  approximate  to  the  truth  in  many  mines. 

The  friction,  so  called,  of  air  in  mines  is  by  no  means  akin  to 
ordinary  mechanical  friction.  When  a  sledge  is  drawn  across  the 
ice,  the  horse  or  dog  that  drags  it  must  apply  a  certain  amount  of 
force  to  overcome  the  friction,  but  that  force  will  be  the  same  no 
matter  what  the  speed.  In  a  similar  manner,  when  a  train  is 
drawn  along  a  level  railway,  the  locomotive  must  exert  a  certain 
force  to  overcome  the  friction,  but  that  force  per  mile  of  road  is 
practically  the  same  whether  the  speed  is  five  miles  or  fifty  miles 
per  hour.  In  the  same  way  with  the  fly-wheel  of  an  engine,  a 
certain  amount  of  force  is  required  per  revolution  to  overcome 
the  friction  of  the  journals,  but  the  friction  per  revolution  will  be 
the  same  whether  the  speed  is  ten  or  a  hundred  revolutions  per 
minute  as  long  as  the  journal  is  equally  cool  and  well  lubricated 
at  both  speeds.  Therefore,  to  state  that  the  friction  of  air  through 
a  passage  increases  as  the  square  of  the  velocity,  or  increases  at 
all  as  the  velocity  increases,  is  to  show  that  a  very  different  class 
of  phenomena  are  under  consideration.  For  this  reason  mining 
engineers  often  prefer  the  word  "  resistance "  or  "  drag "  to 
"  friction  "  in  dealing  with  air-currents. 

By  way  of  illustrating  the  reasonableness  of  Rule  IV.,  the  air- 
current  might  be  likened  to  a  waggon  of  coals.  Suppose  velocity 
to  be  given  to  this  waggon  of  say  32  feet  per  second,  but  just 
when  this  speed  is  acquired  the  road  suddenly  turned  at  right 
angles ;  the  waggon  would  run  against  the  wall,  and  would  come 
to  a  standstill.  If,  therefore,  it  had  to  continue  on  the  way,  the 
same  power  previously  expended  in  giving  it  velocity  would  have 
now  to  be  expended  again,  and  so  on  at  every  right-angle  bend 
in  the  road.  If  these  bends  were  numerous  in  proportion  to  the 
length  of  the  road,  the  power  absorbed  in  reimparting  velocity  to 
this  waggon  after  each  stoppage  would  be  so  great  that  the  power 
expended  in  friction  of  the  axle-wheels  would  be  so  slight  in  com- 
parison that  it  might  be  entirely  neglected  from  the  calculation, 
.and  it  might  be  considered  that  the  entire  work  done  in  moving 
that  waggon  along  this  road  was  the  power  expended  in  imparting 
and  reimparting  velocity,  and  we  know  that  that  would  be  pro- 
portional to  the  square  of  the  velocity  given.  So  that  if,  instead 
of  a  velocity  of  32  feet  per  second,  a  velocity  of  only  16  feet  per 
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second  were  given,  whilst  the  second  velocity  is  half  that  of  the 
first  the  energy  required  would  only  be  f ,  or  if  a  velocity  of  only 
4  feet  per  second  were  given,  which  is  f  of  the  first  velocity,  the 
energy  required  would  be  ^¥. 

When  air  travels  through  a  mine  it  is  continually  passing 
round  rapid  turns,  sometimes  at  right-angle  bends,  sometimes 
at  a  less  or  greater  angle.  Frequently  the  centre  of  the  roadway 
is  obstructed,  and  the  air  has  to  squeeze  round  the  obstructions. 
More  often  the  centre  of  the  roadway  is  clear,  but  projections 
from  the  sides  cause  continual  interruptions.  Thus  if  the  road  is 
timbered,  the  air  rushing  along  the  sides  and  roof  of  the  mine 
must  be  continually  striking  against  the  posts  and  bars.  If  it 
strikes  at  say  an  angle  of  45°,  it  will  glance  off,  but  if  it  strikes 
directly  it  will  bounce  back,  and  its  forward  velocity  will  have 
to  be  reimparted  by  the  absorption  of  power  from  the  rest  of 
the  current.  This  impediment  to  the  air-current  is  continual,  and 
constitutes  undoubtedly  the  greater  part  of  the  resistance  that  the 
air  meets  with  in  the  mine. 

It  is  only  reasonable  to  conclude  that  if  the  resistance  is  due 
to  these  obstructions,  it  will  be  proportional  to  the  number  of 
these  obstructions.  Thus  if  in  an  otherwise  smooth  road  there  is 
one  prop  or  bar  for  every  yard,  the  resistance  will  be  much  greater 
than  if  there  were  only  one  prop  in  every  hundred  yards.  Also 
if  the  roof  and  sides  are  uneven,  forming  a  constant  succession  of 
cavities  and  projections,  the  air  will  be  impeded  just  as  if  there 
were  props  and  bars.  If,  on  the  other  hand,  the  road  is  good  and 
smooth,  or  is  lined  with  smooth  brickwork,  the  resistance  will  be 
much  less. 

A  similar  circumstance  may  be  observed  in  water-channels. 
The  water  will  flow  along  a  smooth  tube  or  over  a  well-laid  invert 
with  much  greater  velocity  than  along  an  irregular  and  stony  channel. 

Some  interesting  experiments  have  been  made  by  Mr.  Elwen.1 
He  gives  the  resistance  of  air-courses  of  different  descriptions,  as 
shown  in  Table  XI.,  p.  239. 

Mr.  Elwen  is  also  of  opinion  that  the  resistance  to  an  air- 
current  in  a  mine  varies  as  the  square  of  the  velocity,  and  has 
made  some  experiments  which  show  that  in  some  air-courses  it 
is  so.  Ordinary  approximate  observations  upon  the  water-gauge 
in  a  fan-drift,  and  upon  the  quantity  of  air  passing  through  the 
mine,  show  that  the  volume  of  air  is  approximately  in  proportion 
to  the  square  root  of  the  pressure ;  or,  as  it  is  more  commonly 
stated,  that  the  pressure  is  approximately  in  proportion  to  the 
square  of  the  volume  of  air. 

It  is,  however^  so  difficult  to  measure  the  air,  or  to  observe 

>  N.  E.  Inst. 
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the  water-gauge  with  accuracy,  and  the  range  of  pressure  com- 
monly observed  is  so  slight,  that  it  would  be  unjustifiable  to  set 
out  a  positive  law  for  all  pressures  from  these  insufficient  and 
generally  rather  discordant  observations.  Experiments  especially 
made  by  the  writer,  with  pressures  up  to  3  inches,  agree  with  the 
rule.  From  experiments  which  he  made  with  water  in  small  tubes, 
Mr.  Edgar  C.  Thrupp  considers  that  the  friction  of  water  in  small 
tubes  is  shown  by  the  formula  in  p.  367.  According  to  this  rule, 
the  increase  of  friction  is  less  than  it  would  be  were  it  to  increase 
as  the  square  of  the  velocity. 

The  writer  has  made  a  number  of  experiments  on  the  friction 
of  air  in  small  tubes,  and  finds  that  it  is  less  than  it  would  be  if 
it  increased  as  the  square  of  the  velocity,  which  seems  to  show 
that  the  resistance  in  smooth  glass  tubes  varies  according  to  a 
different  rule  to  that  of  rough  passages  of  a  mine — a  conclusion 
which  would  commend  itself  as  being  apparently  very  reasonable. 
In  conclusion,  for  the  ordinary  approximate  calculations  which 
are  sufficient  for  ordinary  mining  operations,  the  rule  is  sufficiently 
accurate.  Though,  if  it  were  desired  to  know  the  maximum 
quantity  of  air  that  might  be  passed  through  a  long  smooth  tunnel 
at  a  given  pressure,  it  would  be  advisable  first  to  ascertain  the 
rules  that  govern  the  flow  of  air  in  smooth  tunnels,  with  a  little 
more  care  than  has  perhaps  yet  been  taken. 

In  practice  Rule  III.  is  not  used,  because  the  amount  of 
power  required  to  give  velocity  once  to  the  air-current  is  so  slight. 
Thus,  supposing  a  final  velocity  of  16  feet  per  second,  or  960  feet 
per  minute,  this  would  require  a  pressure  equal  to  a  column  of  4 
feet  of  air ;  or,  turning  this  into  a  water-gauge,  and  taking  water 
as  being  800  times  the  weight  of  air,  equal  to  ^^  part  of  a  foot 
of  water,  or  ^2^  0f  an  inch;  which  equals  about  TV  of  an  inch  of 
water-gauge — a  pressure  so  slight  that  it  can  hardly  be  measured 
with  an  ordinary  water-gauge. 

Rule  IV.  is  the  most  important  rule,  because  it  shows  that 
it  is  impossible  to  increase  the  velocity  of  the  air  in  a  mine 
beyond  a  certain  figure.  Thus  if,  with  a  pressure  of  1  inch  of 
water-gauge,  50,000  cubic  feet  of  air  a  minute  pass  through  a 
mine,  and  it  were  necessary  to  increase  the  quantity  to  100,000, 
a  pressure  of  4  inches  of  water  would  be  required  ;  or,  if  it 
were  necessary  to  increase  the  volume  to  150,000,  a  pressure  of 
9  inches  would  be  required ;  and  a  pressure  of  16  inches  would 
be  needed  for  a  volume  of  200,000  cubic  feet,  supposing  that 
all  the  air-passages  remained  the  same  in  each  case.  But 
pressures  above  4  inches  are  unusual,  and  wasteful  of  power ; 
therefore,  in  order  to  increase  the  volume  of  air  in  the  mine,  the 
air-roads  should  be  enlarged. 
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Rule  V.  only  requires  a  little  consideration  to  be  self-evident. 

Take  the  case  of  two  air-ways  of  equal  length  ;  if  the  peripheries 

are   equal,  the   rubbing   surfaces   in   each   road  will   be  equal. 

Supposing  the  air-current  in  each  case  to  have  the  same  velocity, 

then  the  work  to  be  done  will  be  the  same 

75  .3     jn     eacji    roa(ji      Let     one     roa£J     fog     IQ    feet 

•  ■  square  (see  Fig.  327),  and  the  other  be  15 

± feet  wide  and  5  feet   high.      The  periphery 

of  each  of  these  roads  is  40  feet,  but  the 
area  of  the  10-foot  road  is  100,  and  that  of 
the  15-foot  road  is  only  75.  The  rubbing 
surface  and  the  velocity  being  the  same  in 
each  case,  there  must  be  an  equal  ventilating 
pressure  for  the  whole  of  the  area  of  each 
Fig.  S27.-io-foot  road    road,  and  therefore  the  pressure  per  square 

andI5X5road.  foo(.    mug(.    be    greater    for    the    smaUer    j.^ 

in  order  to  make  the  total  pressure  equal  in  each  case ;  so  that 
if  1  inch  of  water-gauge  were  the  pressure  for  the  smaller  road, 
075  of  an  inch  would  be  the  pressure  for  the  larger  road.  That 
is  to  say,  the  pressures  are  inversely  proportional  to  the  areas, 
other  things  being  equal. 

Rule  VI.  follows  from  the  three  rules,  II.,  IV.,  and  V.  The 
mathematical  terms,  "squaring"  and  "cubing,"  will  be  easier  to 
understand  if  we  consider  their  derivation. 

A  square  is  a  rectangle  of  which  each  side  has  the  same  length. 
If  each  side  were  divided  into  twelve  parts,  and  lines  ruled  across 
from  each  division,  forming  it  into  little  squares,  the  number  of 
these  squares  would  be  12  X  12  =  144,  which  is  the  square  of  12. 

If  a  cubical  piece  of  wood  were  marked  on  each  side  of  its 
upper  surface  with  twelve  divisions,  and  lines  drawn  across  as 
before,  there  would  be  144  squares  on  the  surface.  If  one  vertical 
side  were  also  divided  into  twelve  parts,  and  the  cube  was  sawn 
across  at  each  of  its  twelve  divisions,  each  of  these  divisions  would 
contain  144  small  squares,  which  might  be  cut  into  144  cubes;  or 
there  would  be  1728  small  cubes  in  the  original  cube.  Therefore 
1728  is  the  cube  of  12,  the  cube  of  any  number  being  that  number 
multiplied  by  itself  twice  over,  as  12  x  12  x  12  =  1728;  1728  is 
the  number  of  cubic  inches  in  a  cubic  foot.  To  speak  of  a  number 
being  cubed  is  merely  a  brief  method  of  saying  that  it  is  mul- 
tiplied by  itself  twice  over.  Another  equally  brief  method  is  to 
speak  of  the  number  being  raised  to  the  third  power;  thus  12  to 
the  third  power  is  the  same  as  12  cubed,  and  it  is  written  briefly 
thus  :  128.  In  the  same  way,  12  squared  is  12  to  the  second 
power,  and  it  is  written  briefly  thus  :  122. 

Thus  the  sixth  rule  means  that  the  power  required  forventila- 
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tion  is  proportional  to   the  velocity  multiplied  by  itself  twice. 
Thus  if  the  air-current  is  50,000  feet  a  minute,  and  the  water- 
gauge  pressure  is  1  inch,  the  pressure  in  pounds  is  5-2. 
5'2X  50,000  =  260,000  foot-pounds 

If  the  quantity  is  doubled,  then  the  power,  being  proportional  to 
the  cube,  will  be — 

50,000s  :  ioo,ooo3 :  :  260,000  :  x  =  2,080,000 

that  is  to  say,  the  velocity  being  doubled,  the  power  is  increased 
by  2  X  2  x  2  =  8.  The  reason  of  this  is  at  once  apparent ;  the 
quantity  of  air  being  doubled,  twice  as  much  power  is  necessary 
for  this  double  quantity.  But  whilst  the  speed  is  doubled,  the 
pressure  is  quadrupled ;  therefore  four  times  as  much  power  is 
required,  so  that  we  have  4  times  X  2  times  =  8  times. 

Rule  VII. — The  coefficient  of  friction  can  only  be  ascertained 
by  experience,  and  different  results  have  been  obtained  by  different 
observers,  some  of  which  are  shown  in  Table  XI. 

TABLE   XI.  K    for  velocity  of 

1  foot  in  a  minute. 
The  late  J.  J.  Atkinson,  in  his  well-known  book,  puts  it  at 
0-0217  lb.  for  velocity  of  1000  feet.     If  this  is  reduced  to 
the  coefficient  for  a  velocity  of  1  foot  per  minute,  the  lbs. 

figure  would  be  in  pounds  per  square  foot      ...  ...    0-00000002170 

Devilez,  a  continental  engineer,  puts  the  figure  at  ...     0-00000000951 

D.  K.  Clark  (for  railway  tunnels)  ...  ...  ...     0-00000000228 

Arnold  Lupton  (the  writer),  longwall  mine  ...  ...     0-00000000477 

T.  L.  Elwen,  for  straight  air-ways,  even  in  section,  w     out 

timber,  in  coal  ...  ...  ...     0-000000002769 

for  straight  air-ways,  irregular  section,  with- 
out timber,  in  coal        ...  ...  ...     0-000000003594 

for  straight  air-ways,  without   timber,  very 
jagged  sides   ...  ...  ...  ...     0-000000004230 

for  straight  air-ways,  regular  section,  timber 

plentiful,  in  coal  ...  ...  ...     0-000000004794 

for  shafts,  timbered  (buntons  or  brattice)     ...     0-000000003686 
for  straight  air-ways,   very  irregular  section, 

with  timber,  in  coal     ...  ...  ■■•     0-000000005510 

for  straight  air- ways  in  coal,  irregular  section, 

plenty  of  timber  ...  ...  ...     0-000000005595 

for  air-ways  round  bord  and  pillar,  face  of 
workings        ...  ...  ...  ...     0-000000013685 

It  is  evident,  from  these  figures,  that  the  coefficient  varies  with 
the  nature  of  the  surface  of  the  roadway,  and  it  seems  probable  that 
the  average  coefficient  of  a  colliery  would  be  about  0*000000005, 
which  is  also  a  convenient  figure  for  calculations. 

In  the  above  table  the  coefficients  of  figures  do  not  appear 
the  same  as  in  the  works  from  which  they  are  taken,  because  they 
are  all  reduced  to  a  uniform  velocity  of  1  foot  a  minute,  accord- 
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ing  to  Rule  IV.  — that  the  pressure  varies  as  the  velocity2.  If,  as 
in  Mr.  Elwen's  case,  the  coefficient  is  given  as  0-002769  for  &• 
velocity  of  1000  feet  per  minute,  the  coefficient  for  a  velocity  of 
1  foot  a  minute  will  be  reduced  by  10002  =  1,000,000,  and  will 
therefore  be  written,  0*000000002769.  The  coefficient  is  often 
given  in  feet  of  air-column.  Assuming  that  the  temperature  of 
the  air  is  5  20,  the  barometric  pressure  30  inches,  then  the  weight 
of  1  cubic  foot  will  be  o-o78  lb.  Then  the  coefficient  above  given 
may  be  turned  into  feet  of  air-column  by  the  following  rule-of- 
three  sum  : — 

o-o78   (lb.)   :    0-000000002769    (lb.)   :  :    1  (foot  of   air-column) 
:  0-0000000355  (foot  of  air-column) 

It  is  to  be  regretted  that,  while  the  coefficients  above  given 
differ  so  widely,  there  has  not  been  some  authoritative  investiga- 
tion of  the  question  by  one  of  the  Institutes  of  Mining  Engineers. 
The  use  of  this  coefficient  is  evident;  without  it  we  can  only 
calculate  the  probable  friction  of  air-roads  by  comparison  with 
other  air-roads,  by  means  of  Rules  II.,  IV.,  V.,  and  VI. ;  but  the 
coefficient  being  once  settled  with  approximate  accuracy,  it  is 
unnecessary  further  to  refer  to  other  experience. 

In  future   calculations,    the  coefficient  will  be  assumed  as 
o  000000005  for  a  velocity  of  one  foot  a  minute  for  the  whole  of 
the  air-passages  in  an  average  colliery. 
Rule  VII.  may  be  applied  as  follows  :— 
L  =  length  of  air-road. 
C  =  periphery. 

R  =  L  X  C  =  rubbing  surface. 
V  =  velocity  in  feet  per  minute. 
Q  =  volume  of  air  in  cubic  feet  per  minute. 
K  =  coefficient   of   resistance    per    square   foot   of   rubbing 
surface  at  a  velocity  of  1  foot  per  minute. 
A  =  area  in  square  feet. 
In  a  given  instance  L  =  8000 
C  =  26 

A  =  8  x  5  =  40 

R  =  L  X  C  =  8000  X  26  =  208,000 
V  =  800  feet  per  minute 
Q  =  A  x  V  =  32,000 
K  =  0-000000005 

_       KRV2     0-000000005  x  208,000  X  640,000        ,  ,    „ 

then  P  =  — - —  = =  16*64  lbs. 

A  40 

or,  dividing  by  5-2  to  turn  it  into  water-gauge,  the  pressure  is  3-2 
inches  of  water. 
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The  accuracy  of  Rule  VII.  is  evident  if  the  previous  rules  are 
admitted,  because  P,  the  pressure  per  square  foot,  must  be  equal 
to  the  total  resistance  divided  by  the  square  feet  of  sectional  area. 
This  total  resistance  must  equal  the  total  area  of  rubbing  surface 
R  x  the  resistance  of  each  square  foot  at  a  velocity  of  one  foot 
K  X  the  velocity2. 

Rule  VIII. — On  the  same  assumptions,  Rule  VIII.  is  also 
accurate,  as  is  shown  by  the  following  reasoning  : — 

„      KRVa 
Since  P  =  — - — 
A 

.-.  PA  =  KRV2 

Since  F.P.  =  QP  =  quantity  in  cubic  feet  by  pressure  per 
square  foot,  and  since  Q  =  AV,  then  substituting  AV  for  Q,  we 
have — 

F.P.  =  PAV 

and  substituting  KRV2  for  PA,  we  have — 

F.P.  =KRV2X  V  =  KRV3 
Applying  this  rule  to  the  road  in  the  above  example — 
F.P.  =  0-000000005 (K)  X  2o8,ooo(R)  X  5i2,ooo,ooo(V3) 
=  532.48o 
and  dividing  by  33,000  to  turn  it  into  horse-powers,  we  get — 
H.P.  =  16-13 
The  advantages  of  a  large  air-way  are  easily  shown  by  applying 
this  rule.     Suppose  that  in  the  foregoing  example  the  air-road  had 
been  only  5  x  4 — 

or  A  =  20 
C  =  18 

R  =  18  X  8000  =  144,000 
Q  =  32,000  as  before 
V  =  1600  feet  per  minute 

then  F.P.  =  0-000000005  X   144,000  X  4096,000,000 
=  2,949,120 
or  H.P.  =  89*36,  or  nearly  six  times  the  horse-power  required  for 
the  larger  road. 

It  is  evident  that  the  velocity  in  the  second  instance  is  a  great 
deal  too  high  for  practical  purposes. 

Rule  IX. — The  truth  of  this  rule  is  also  apparent  (the  same 
assumptions  being  made  as  before). 

Thus  P  varies  directly  as  the  rubbing  surface,  and  the  rubbing 
surface  varies  directly  as  the  diameter  or  side  of  a  square,  there- 
fore P  varies  as  D. 

R 


242  MINING. 

P  also  varies  inversely  as  the  area,  and  the  area  varies  as  the 
square  of  the  diameter,  therefore  P  varies  as  D2. 

P  also  varies  directly  as  the  velocity2 ;  the  velocity  also  varies 
inversely  as   the   area,  or   inversely  as    D2;   therefore   P  varies 

inversely  as  D2  X  D2,  or  as  =-. 

Multiplying  the  above  together,  we  have — 

...  D  i 

P  varies  as — — — — — ,  or  as  — , 

DxDxDxDxDxD'  D5 

Taking  two  shafts  as  examples,  one  10  feet  diameter  and  the 
other  12  feet  diameter — 

For  the  io-feet  shaft,  ^  =  o-ooooi 

for  the  12-feet  shaft,  — ,  =  0^000004 
D" 

That  is  to  say,  for  equal  volumes  of  air  the  resistance  of  the 
io-feet  shaft  is  two  and  a  half  times  that  of  the  12-feet  shaft. 
This  shows  the  great  economy  of  large  shafts  for  the  purposes  of 
ventilation. 

R.I.X.-  K=0A 

This  is  evidently  in  accordance  with  Rule  VII.,  and  is  applied 
as  follows. 

In  any  particular  mine  the  ventilating  pressure  is  measured  by 
the  water-gauge,  from  which  the  pressure,  P,  in  pounds  is  then 
calculated. 

A,  the  sectional  area  of  the  air-road,  which  is  uniform  throughout, 
R,  the  rubbing  surface,  and  V,  the  velocity  in  feet  per  minute, 
are  all  ascertained  by  measurement. 

It  is  evident  that  the  coefficient  of  resistance  per  square  foot 
of  rubbing  surface  equals  the  total  pressure,  that  is,  P  X  A  divided 
by  the  extent  of  rubbing  surface  in  square  feet,  R,  and  also 
divided  by  V2  to  get  the  coefficient  reduced  to  a  velocity  of  1  foot 
a  minute.  In  applying  this  rule  to  any  particular  mine  it  is  found 
that  the  air-road  varies  in  section,  and  as  the  pressure  required 
varies  greatly  with  any  change  in  velocity,  it  is  necessary  to 
ascertain  the  resistance  due  to  each  section  of  air-road. 

The  method  of  doing  this  is  given  by  Mr.  Thomas  Fairley,  in 
his  excellent  little  book,  "  Ventilation  of  Mines,"  and  the  formula 
given  in  Rule  XI.  is  taken  from  his  book. 

To  explain  the  use  of  this  formula,  the  simplest  way  is  to  take 
an  illustration.     Suppose  the  total  length  of  the  air-way  to  be 
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observed  is  4000  feet.  This  should  be  measured  in  say  four 
hundred  places.  It  will  be  found,  however,  that  the  sections  so 
measured  are  in  a  great  many  places  the  same.  For  the  sake  of 
simplifying  the  example,  we  will  assume  that  all  the  different 
measurements,  each  of  10  feet  length,  can  be  arranged  under 
four  sizes,  each  1000  feet  in  length.  (It  is  probable  that  in 
practice  there  would  be  many  more  sizes,  and  the  lengths  would 
be  unequal.) 

The  four  sizes  are  as  follows  :— 

No.  1.  L  =  1000 
No.  2.  L  =  1000 
No.  3.  L  =  1000 
No.  4.  L  =  1000 

The  total  ventilating  pressure  for  the  whole  mine  =  1  inch 
water-gauge,  or  s-2  lbs.     Q  =  15,000. 

Let  No.  1  be  the  standard  section. 

The  problem  is  to  find  out  what  length  of  road  of  No.  2 
section  would  have  a  frictional  resistance  equal  to  No.  1  section ; 
also  what  length  of  road  in  each  of  No.  3  and  4  sections  would 
have  a  resistance  equal  to  No.  1  section.  When  this  is  ascertained 
we  have  a  hypothetical  road  of  uniform  section  throughout,  to 
which  Rule  X.  can  be  applied  in  order  to  ascertain  the  coefficient 
of  friction. 

L'  =  length  of  road  of  standard  section  that  would  have  a 
frictional  resistance  equal  to  that  of  the  actual  frictional  resistance 
of  the  measured  section. 

The  following  table  shows  the  result  as  calculated  : — 


A  =  30 

C  =  22 

R  =  22,000 

A  =  50 

C  =  3o 

R  =  30,000 

A  =  40 

C  =  26 

R  =  26,000 

A  =  20 

C  =  18 

R  =  18,000 

No.  1. 

L'  = 

Feet. 

=  L  =  iooo'o 

No.  2. 
No.  3. 
No.  4. 

L' 
L' 

L' 

=  294'54 
=  498-57 
=  276i-36 

4554-47 

The  figures  are  ascertained  as  follows  by  Rule  XL,  in  which 
A'  =  area  of  standard  road  =  30. 
C  =  periphery  of  standard  road  =22. 
R  =  actual  rubbing  surface  of  the  section  measured. 
A  =  actual  area  of  the  section  measured. 
L'  =  length  of  road  of  standard  size,  the  friction  of  which 
would  be  equal  to  the  friction  of  the  section  as  actually  measured. 

xt         -m      A'8X  R 

Na  T-  L  =  c^T* =  I00° 
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iNO.  2.  i,  -      22(C)  x  5o3(A3^     -    22  x  I2S;O00     -  294  54 

.,  T,       303  X  26,000       27,000  X  26,000 

No.  3.  L'  = 7 =  ■,  '  > —  =  408-57 

0  22  x  64,000  22  X  64,000  ^y    Jl 

XT  T,  3°8    X     l8,O00 

No.  4.  L'  =  ^ — --— =  2761-36 

22  X  8000  '       ° 

We  thus  find  the  hypothetical  road  is  4554-47  feet  long,  or  rather 

longer  than  the  actual  length. 

Applying  Rule  X.,  we  ascertain  the  coefficient  of  friction. 

The  accuracy  of  Rule  XL  (on  the  assumption  made  through- 
out, that  P  varies  as  the  velocity2)  is  apparent  by  the  following 
argument. 

Comparing  section  2  with  section  1  (the  standard  section  for 
the  hypothetical  road),  it  is  evident  that  L',  the  length  of  hypo- 
thetical road,  with  equal  resistance  to  section  1,  will  be  shorter 
than  section  2,  because  the  standard  section  is  smaller,  the 
resistance  greater,  and  therefore  a  shorter  length  of  that  section 
will  have  a  resistance  equal  to  the  longer  length  of  section  2. 

Considering  first  the  reduction  in  length  due  to  the  increased 
velocity  in  the  standard  section,  we  have,  calling  V  the  actual 
velocity,  and  V  the  velocity  in  the  hypothetical  section,  V1  :  V2 
: :  L  :  L'. 

Also  the  ventilating  pressure  in  the  hypothetical  section  will 
be  greater  for  equal  lengths  of  road  owing  to  the  smaller  area ; 
therefore  the  length  of  hypothetical  section  will  be  again  reduced 
in  the  following  proportions  : — A  :  A'  : :  L  :  L'.  But  owing  to 
the  less  rubbing  surface,  due  to  the  smaller  perimeter  of  the 
standard  section,  the  length  of  hypothetical  road  will  be  increased 
in  proportion  to  the  perimeters  as  follows  : — C  :  C  : :  L  :  L'. 

Multiplying  these  together,  we  have — 
V'2  :  V2  : :  L  :  L' 
A  :  A' 
C  :  C 

But  since  V  is  inversely  as  A',  and  V   is   inversely  as  A,  we 
have — 

T2  T2 

y'2  .  y2  ■ .    *     .    I 
' '  A'2  '  A2 
or  V'2  :  V2  : :  A2  :  A'2 

Then  substituting  A2  for  V2,  and  A'2  for  V2,  we  have  the  fol- 
lowing proportion  :  — 

A  :  A'  : :  L  :  L' 

A2  :  A'2 
r"  .  r> 
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or  A3C  :  A'SC 
or  L'A'C  =  LA'3C  = 
A'8R 


:  L  :  L' 

A'3E  (since  LC 


R) 


L' 


A3C 


i  =  y 

C  =  8 


c-  e 

V  -  2 


Rr=3*/=8 


RV?   6x8-48 


nni 


flV^  4*ef~256 


Uniform  Size  of  Air-road. — The  foregoing  rules  are 
sufficient  to  prove  that  economical  ventilation  can  only  be 
obtained  by  having  large  air-roads  throughout  the  mine.  But  it 
is  not  only  necessary  that  the  average  section  should  be  large, 
but  that  there  should  be  no  small  or  contracted  passages,  because 
the  increase  of  friction  due  to  a  contracted  passage  is  more 
than  the  reduction  of  friction  due  to  an  enlarged  passage. 

To  take  an  instance  from  everyday  life.  One  man  takes  a 
journey  at  id.  a  mile  for  3  miles  ;  total  cost,  3^.  Another  man 
goes  the  first  mile  for  id.,  takes  a  cab  the  second  mile,  for  which 
he  pays  6d.,  and  walks  the  third  mile 
to  make  up  for  his  extravagance ;  total 
cost,  id.  In  the  same  way,  a  con- 
tracted length  of  road  may  increase  the 
resistance  sixfold  ;  whereas,  if  the  next 
length  of  road  is  so  large  that  the 
friction  is  practically  nil,  the  previous 
increase  of  friction  cannot  be  counter- 
acted. 

The  following  sketch  (Fig.  328) 
shows  two  air-roads,  the  first  one  of 
uniform  section,  A  =  2,  the  horse- 
power for  ventilation  =  18.  The  second 
air-road,  of  equal  total  length  and  larger 
average  section,  is  in  three  lengths : 
one  has  an  area  A  --=  2,  requiring  six 
horse-power;  the  second  has  an  area 
A  =  1,  requiring  thirty-two  horse-power 
(by  Rule  VIII.)  j  the  third  has  an  area 
A  =  4,  requiring  one  horse-power ;  total  horse-power  for  the 
uneven  road,  thirty-nine,  or  more  than  twice  that  of  the  road  of 
uniform  section  and  less  average  area,  the  average  area  of  the 
uniform  road  being  six  as  compared  with  seven,  the  average  area 
of  the  irregular  road. 

If  a  train  of  waggons  is  left  standing  in  the  mine  in  a  con- 
tracted portion  of  the  air-way,  there  may  be  as  much  resistance 
to  the  wind  passing  through  this  part  of  the  road  as  in  the  whole 
of  the  rest  of  the  mine. 

The  conclusion  to  be  drawn  from  these  calculations  is,  that 
if  there  is  a  deficiency  of  ventilation  in  any  mine  or  district  of  a 


HP-r 
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J.  -  x 

Fig.  338 — Air-roads  of  uniform  and 
of  uneven  section. 
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mine,  every  contracted  part  of  the  air-way  should  be  enlarged  to 
the  average  or  standard  size.  The  brattice  and  air-pipes  must  be 
so  fixed  as  not  to  obstruct  the  main  current,  and  it  is  practically 
wasting  money  to  make  any  part  of  the  air-road  much  larger  than 
the  average. 

Splitting  and  Coursing. — If  the  total  quantity  of  air  that 
could  be  passed  through  a  mine  were  limited,  as,  say,  by  the 
dimensions  of  the  reciprocating  air-pump,  it  might  be  necessary 
that  this  air-current  should  pass  through  the  mine  in  one  undivided 
stream,  making  a  long  circuit  in  order  that  the  current  in  each 
district  should  have  sufficient  velocity  and  momentum  to  clear 
out  the  gas  from  all  the  cavities  and  corners  and  high  places  in 
which  it  would  lodge,  and  from  which  a  current  of  slow  velocity 
might  not  remove  it.  Such  a  method  of  ventilation  is  sometimes 
described  as  coursing. 

If,  on  the  other  hand,  the  amount  of  air  that  passes  through  the 
mine  is  practically  unlimited,  as  in  the  case  of  a  mine  ventilated 
by  furnace  or  by  a  centrifugal  fan  (of  which  the  dimensions  are  not 
too  small),  then  it  is  unnecessary  to  course  the  air  in  one  current. 
It  may  be  split  up  into  numerous  currents,  each  taking  one  district. 

This  is  the  only  safe  way  of  ventilating  a  colliery,  and  is  the 
most  economical  way.  It  is  safe,  because  it  introduces  a  supply 
of  fresh  air  into  each  district,  instead  of  trying  to  ventilate  one 
part  of  the  mine  with  air  already  fouled  with  gas  from  another  part 
of  the  mine.  It  is  economical,  because  the  length  traversed  by 
each  current  of  air  is  shorter,  and  therefore  the  ventilating  pressure 
required  is  less. 

The  practical  method  of  splitting  the  air-current  by  introducing 
air-crossings  has  been  already  explained  and  illustrated  in  Fig. 
284.  The  total  quantity  of  air  passing  through  a  mine  may  be 
enormously  increased  by  splitting. 

Assuming  the  case  of  two  mines  similar  in  every  respect,  the 
water-gauge  or  ventilating  pressure  being  the  same  ;  but  in  one  mine 
the  air  is  coursed  in  one  current,  and  in  the  other  it  is  split  up 
into  numerous  currents,  say  ten,  each  of  these  ten  currents  being, 
say,  one-fourth  the  length  of  the  course  taken  in  the  other  mine. 
Then  for  equal  velocities,  the  pressure  required  in  the  splits  would 
be  only  one-fourth,  but  as  the  ventilating  pressure  is  equal  in  each 
case,  the  speed  along  the  shorter  roads  will  be  increased  (Rule 
IV.)  as  the  square  root  of  the  pressure,  or  as  the  «/4  :  */i  :: 
2  :  1.  Thus  the  speed  in  each  of  the  ten  roads  is  twice  the  speed 
attained  in  the  other  mine.  Consequently,  the  area  of  each  road 
being  the  same,  the  volume  of  air  passed  will  be  twenty  times  as 
great  in  the  mine  with  ten  splits  as  in  the  other  mine  with  one 
long  course. 
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The  method  of  calculating  the  amount  of  air  in  any  split  is 
given  in  Rule  XII. 
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This  rule  is  derived  as  follows  : — 

Q,  the  quantity  of  air  in  cubic  feet  per  minute,  =  the  velocity 

in   feet  per  minute   multiplied  by  the   area  of  the  air-road  in 

square  feet 
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Or  Q  =  VA,  and  according  to  Rule  VII.  P  = 
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In  practice,  to  find  the  quantity  of  air  passing  along  any  given 
air-road,  it  will  be  best  to  apply  this  formula  to  each  road  sepa- 
rately ;  but  for  the  purpose  of  illustrating 
the  advantage  of  splitting,  it  may  be 
simplified. 

Fig.  329  shows  a  mine  with  four  dis- 
tricts, through  which  the  air  is  coursed 
in  one  stream,  as  shown  by  the  dotted 
lines.  Owing  to  the  arrangement  of  the 
air-roads  there  shown  (one  which  is 
hardly  likely  to  occur  in  practice),  it  is 
possible  to  split  up  this  air-course  into 
four  air-courses,  as  shown  by  the  full 
lines,  each  about  one-fourth  the  length 
of  the  original  air-course.  In  this  case 
the  total  length  of  air-road  is  the  same 
before  and  after  splitting,  and  therefore  the  rubbing  surface  is 
the  same,  the  coefficient  is  also  the  same,  and  the  ventilating 
pressure  is  maintained  at  the  same  water-gauge  before  and  after 
splitting.  So  that  P,  K,  and  R  can  be  neglected  for  the  purpose 
of  comparing  the  ventilation  in  each  case,  and — 

Q  oc  a/ A  X  A 

As  each  of  these  air-roads  is  the  same  size,  A  or  the  number 
of  splits  =  N.     Thus— 

QaVN x N 


Fig.  329.— Method  of  splitting 
air.  Dotted  lines  outside 
show  air  in  one  unsplit 
course  ;  solid  lines  show  four 
equal  splits. 
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Taking  the  above  case,  and  assuming  that  Q  =  10,000  in  the 
first  instance,  when  N  =  1,  after  splitting  N  =  4.     Then — 

v'iX  1  :  V4  X  4  : :  10,000  :  80,000. 
It  is  evident  that  this  is  a  much  simpler  example  than  usually 
occurs  in  practice.  Suppose  that  in  the  instance  above  given  the 
four  splits  had  been  of  unequal  length,  everything  else  remaining 
the  same ;  then,  taking  formula  in  Rule  XII.,  we  have  P,  A,  C,  and 
K  constant  for  each  split,  L  alone  differing.  Then  the  quantity 
of  air  in  each  road  will  vary  inversely  as  the  >J  length,  written 
thus — 

Let  the  air-course  in  the  first  mine  be  10,000  feet  in  length, 
and  be  subsequently  split  into  four  courses  of  1000,  2000,  3000, 
and  4000  feet  each,  or,  as  compared  with  the  first  air-course,  o'i 
first  split,  o-2  second  split,  0-3  third  split,  0-4  fourth  split.  Then 
the  air  passing  along  the  first  split  as  compared  with  that  in  the 
original  course — 

istsplit     /_L  =  Vio      =3-i62  x  10,000  cub.  ft.  (orig.  quant) 

v    o'i  =31,620 

2nd  „       fjL  =  \/l       =2-236x10,000       „  „    =22,360 

V  0-2 

3rd  „       /Jl  =  V,3"333  =  1*825  x  10,00         „  „    =18,250 

V  0-3 

4*    ,.  A  /^L=V2'5      =1-5811x10,000     „  „    =15,811 

V  0-4  ■ 

88,041 
Additional  Air-roads. — The  effect  of  adding  air-roads  to 
a  mine  must  not  be  confused  with  splitting.  If  a  mine  has  one 
air-road,  and  another  air-road  is  added  of  equal  length  and 
dimensions,  and  the  ventilating  pressure  maintained,  the  total 
ventilation  will  be  simply  doubled ;  and  for  every  additional  air- 
road  of  equal  length  and  area,  an  equal  addition  will  be  made  to 
the  amount  of  ventilation  if  the  pressure  is  maintained. 

Air-ways  in  Inclined  Mines. — Where  the  mine  is  perfectly 
level,  the  temperature  of  the  mine  has  no  effect  on  the  ventilation 
until  the  air  arrives  at  the  upcast  shaft.  Where,  however,  the 
mine  is  inclined,  the  temperature  may  have  a  considerable  effect. 
For  instance,  if  an  incline  is  driven  downhill,  the  fresh  air  from 
the  downcast  going  down  the  incline  and  returning  by  another 
incline,  the  air  gets  warmed  in  the  workings,  and  the  inclines  will 
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Fig.  330. — Incline  air-roads,  2400  feet  long,  1  in  4 
W.G.  more  than  i  inch  in  favour  for  dip  road  ; 
against  for  rise  road. 


be  ventilated  by  a  process  of  natural  ventilation  due  to  the  tem- 
perature of  the  mine.  If,  on  the  other  hand,  the  incline  has 
been  driven  uphill,  the  cold  air  from  the  downcast  going  up  this 
incline  and  returning  down  a  similar  incline,  the  air,  getting  heated 
in  the  workings,  will  be  warmer  in  the  return  than  in  the  intake, 
and  this  difference  in  temperature  will  work  against  the  ventilation 
as  much  as  in  the  other  case  it  works  in  favour  of  the  venti- 
lation. There  will  be  no 
natural  ventilation  in  this 
case;  the  district  will  en- 
tirely depend  on  the  pres- 
sure produced  by  the  fan  or 
ventilating  furnace. 

To  take  a  practical  in- 
stance (Fig.  330).  Suppose 
the  incline  to  be  2000  yards 
in  length,  at  a  gradient  of 
10  per  cent,  j  the  total  fall 
of  the  intake  or  rise  of  the  return  is  200  yards,  and  the  ven- 
tilating pressure  due  to  the  temperature  of  the  ground  may 
be  ascertained  in  the  same  way  as  for  an  upcast  shaft  200  yards 
in  depth.  Let  the  average  temperature  of  the  intake  incline 
be  620,  and  the  average  temperature  of  the  return  incline  72° 
then  the  ventilating  pressure  may  be  obtained  by  the  rule  given 
for  furnaces  (p.  203). 

T' 

In  this  case  D  =  600,  and  t'  =  459  4-  62  =  521 ;  T'  =  459  4- 

600  X  521  „        ,   . 

72  =  53 1,  and  X  =  600 =  12  ;  12  feet  of  air-column 

at  620  =  0-17  inch  W.G. 

Or  it  may  be  found  from  the  table  of  weights  of  air  at  different 
temperatures.  One  cubic  foot  of  air  at  62°  weighs  o'o764i  lb.,  and 
at  720  =  0*07497,  or  a  difference  of  0*00144  lb.  for  each  cubic 
foot.  This  multiplied  by  600  =  0*864  lb.  Dividing  this  by  5-2, 
the  water-gauge  is  found  to  be  0*166  inch,  and  this  pressure  is 
assisting  the  ventilation.  If  the  incline  had  been  driven  uphill, 
this  pressure  would  have  been  resisting  the  ventilation.  If  these 
inclines  had  been  driven  at  a  great  distance  from  the  shafts,  where 
the  ventilating  pressure  was  very  slight,  this  difference  of  0*332  inch 
W.G.  between  the  pressure  required  to  ventilate  the  descending 
and  ascending  mines  might  make  all  the  difference  between  having 
a  good  ventilation  and  an  insufficient  ventilation.  If,  on  the  other 
hand,  the  inclines  had  started  from  some  place  near  to  the  shafts, 
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where  the  available  ventilating  pressure  was  say  3  inches  W.G., 
there  would  be  practically  no  difference  in  the  ventilation  of  the 
two  districts. 

Auxiliary  Ventilation. — In  some  cases  it  is  necessary  to 
start  air-roads  of  great  length  from  a  place  which  is  already  distant 
from  the  shaft,  the  ventilating  pressure  produced  by  the  existing 
fan  or  furnace  being  required  for  the  mine  as  it  exists.  But  if 
a  pair  of  roads  are  driven  for  a  further  distance  of  say  a  mile,  it 
would  be  impossible  to  make  the  air  travel  that  further  distance 
without  putting  some  regulator  into  the  main  air-course  at  the 
point  where  the  new  road  branches,  and  thus  obstructing  the  entire 
ventilation  of  the  mine  or  the  district  from  which  these  new  roads 
are  driven.  Therefore,  for  the  sake  of  ventilating  these  roads,  it 
might  be  necessary  to  increase  the  ventilating  pressure  for  the 
whole  mine,  requiring  perhaps  a  considerable  addition  of  outlay 
and  working  expenses.  It  may,  however,  be  possible  to  ventilate 
these  new  roads  by  an  auxiliary  fan,  which  will  produce  the  required 
ventilating  pressure  for  this  district  alone.  This  fan  may  either 
force  air  into  the  new  intake  or  exhaust  it  from  the  return. 

This  method  is  only  practicable  where  steam-power  is  trans- 
mitted into  the  mine  in  some  form,  say  by  endless  ropes,  hydraulic 
pressure,  compressed  air,  or  electricity. 

When  compressed  air  is  laid  on,  it  is  often  used  for  ventilation. 
In  continental  mines,  very  small  jets  of  it  are  taken  into  head- 
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Fig.  331. — Compressed  air-jet  in  pipes,    a,  wooden  air-pipe. 

ings.  A  better  ventilation  is,  however,  obtained  by  letting  a  jet 
of  air  blow  through  a  pipe  (see  Fig.  331),  thus  inducing  a  consider- 
able current ;  these  small  air-jets  are,  however,  only  for  temporary 
makeshifts  in  special  cases. 
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CHAPTER    IX. 

CHEMISTRY    OF   MINES  :    GASES,  WATERS. 

Gases. — The  air  consists  of  two  gases,  nitrogen  and  oxygen, 
which  are  not  chemically  combined,  but  are  mixed  up  together 
mechanically,  just  as  dry  peas  and  beans  might  be  mixed  together 
in  a  bushel.  The  gases  are  both  of  them  invisible,  without  taste  or 
smell,  and  are  very  nearly  the  same  weight,  so  that  they  do  not 
separate  one  from  another.  The  mixture  is  composed,  according 
to  Cavendish,  of:  oxygen,  20-833  volumes;  nitrogen,  7g'i67 
volumes;  total,  ioo  volumes.  When  taken  by  weight,  the  mixture 
is  composed  of:  oxygen,  23  lbs. ;  nitrogen,  77  lbs. ;  total,  100  lbs. 

The  specific  gravity  of  air  is  1.  The  symbol  of  oxygen  is 
O;  the  atomic  weight,  16;  density,  16.  It  is  the  great  supporter 
of  life  and  of  combustion ;  without  it  animals  die,  and  a  fire  or 
candle  will  not  burn.  We  could  not  live  in  pure  oxygen,  because 
it  would  be  too  exciting.  If  a  red-hot  iron  poker  is  held  in  pure 
oxygen  it  will  burn  rapidly.  The  nitrogen  in  the  air  serves  to  dilute 
the  oxygen  and  make  it  fit  for  ordinary  use.  Nitrogen,  symbol 
N ;  atomic  weight,  14  ;  density,  14.  It  is  a  harmless  gas,  and  does 
not  support  either  life  or  fire,  so  that  in  an  atmosphere  of  pure 
nitrogen  human  beings  would  die,  and  a  light  would  not  burn. 

Fire-damp. — The  noxious  gases  met  with  in  mines  are,  first, 
fire-damp,  called  by  chemists  light  carburetted  hydrogen,  or  marsh- 
gas.  Its  symbol  is  CH4 ;  density,  8  (that  is  to  say,  it  is  half  the 
weight  of  oxygen);  the  specific  gravity  is  o-5576.  It  consists  of 
carbon  and  hydrogen  chemically  combined.  It  is  colourless,  taste- 
less, and  without  smell.  It  is  often  disengaged  from  decomposing 
matter  in  marshes,  and  might  be  lighted  as  it  bubbles  to  the 
surface;  it  burns  in  the  atmosphere,  but  does  not  give  such  a 
good  light  as  ordinary  illuminating  gas.  When  mixed  with  air  in 
proportions  varying  between  7  per  cent,  and  14  per  cent,  of  gas, 
it  is  explosive ;  if  there  is  10  per  cent,  of  gas,  it  explodes  with  great 
violence.  It  is  found  in  most  mines.  No  trace  of  it  has  been 
seen  in  the  Forest  of  Dean,  but  in  all  the  main  coal-fields  of  the 
country  it  is  abundant.  It  is  given  off  not  only  by  coal,  but  by 
strata  of  all  kinds  in  the  coal-measures.     This,  is  the  gas  which  is 
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meant  when  the  word  "  gas  "  alone  is  used.    Being  lighter  than  air, 
it  is  found  in  the  highest  cavities,  but  in  rapid  currents  it  may  get 
mixed  up  with   the  air.     Whenever  air  and  CH4  are   present 
together  they  are  always  more  or  less  mixed,  but  the  lighter  gas 
is  found  in  greater  proportion  in  the  higher  part  of  the  chamber 
containing  it.     In  many  mines  it  is  given  off  so  abundantly  that 
it  amounts  to  2  per  cent,  of  the  return  air.     It  is  also  often  given 
off  from  coal  after  it  has  been  brought  to  the  surface,  and  any 
place  where  the  coal  is  stored  must  be  ventilated.     If  it  is  put 
into  a  ship,  for  instance,  and  the  hold  or  .bunker  is  not  ventilated, 
there  is  likely  to  be  an  explosion  if  the  place  is  entered  with  a  lighted 
candle.    It  exists  in  coal  under  great  pressure ;  it  has  been  observed 
at  a  pressure  of  several  hundred  pounds  per  square  inch ;  but  very 
likely  this  measurement  does  not  represent  the  greatest  pressure 
at  which  it  may  exist.     It  blows  out  through  innumerable  small 
pores  and  crevices  in  the  coal ;  owing  to  the  great  pressure  at 
which  it  exists  in  the  coal,  its  issue  is  not  affected  by  any  varia- 
tions in  the   atmospheric  pressure  as  shown  by  the  barometer. 
Reservoirs  of  this  gas  in  open  places  in  the  mine,  whether  in 
unventilated   headings  or  in  unventilated   goaves,  however,  are 
subiect  to  variations  of  volume  corresponding  to  the  variations  in 
barometrical  pressure.     Thus  if  a  cavity  contains  300,000  feet  of 
explosive  mixture,  and  the  barometer  falls  1  inch,  from  30  inches  to 
29  inches,  the  300,000  cubic  feet  will  expand  ■£§,  that  is  to  say,  by 
10,000  feet,  and  this  volume  of  explosive  mixture  will  'issue  from 
the  cavity.     There  should  be,  however,  in  every  part  of  the  mine 
such  good  ventilation  as  will  sweep  away  any  expansions  of  gas, 
and   there  should,  of  course,   as  a  general   rale,  be   no   large 
unventilated  cavities.     If  2  per  cent,  of  this  gas  is  in  an  atmo- 
sphere thickly  impregnated  with  coal-dust,  the  mixture  is  explosive. 
This  gas  is  not  fit  for  breathing,  and  if  there  is  a  large  percentage 
of  it  in  any  place,  men  entering  it  will  be  suffocated. 

Black-damp. — Carbonic  acid  gas,  called  by  chemists  carbon 
dioxide.  Symbol,  C02;  density,  22  ;  specific  gravity,  1  "524.  This 
is  commonly  found  in  mines,  generally  in  shallow  mines.  It  is 
colourless,  odourless,  invisible.  Being  50  per  cent,  heavier  than 
air,  it  is  generally  found  on  the  floor  and  in  cavities  in  the  floor, 
and  can  be  poured  like  water  from  a  high  place  into  a  lower 
place.  If  breathed  by  human  beings  or  animals  they  soon  die, 
and  flame  is  instantly  extinguished.  Two  and  a  half  per  cent,  of 
this  gas  will  put  out  a  flame ; 1  its  presence  can  be  ascertained  by 
observing  a  candle  or  other  light.  In  exploring  wells  it  is  common 
to  lower  a  light  down  to  see  if  there  is  any  of  this  gas  in  it; 

1  Since  the  above  was  written,  the  author  has  made  experiments  which 
prove  that  when  mixed  with  air  20  per  cent,  by  measure  of  pure  C03  is 
required  to  extinguish  a  candle  without  delay. 
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where  the  light  will  burn  animals  can  live.  In  small  quantities 
the  gas  is  not  poisonous.  It  is  found  in  the  atmosphere  to  the 
extent  of  4  volumes  in  10,000  volumes  of  air,  and  is  expired  by 
animals  in  breathing. 

Sulphuretted  Hydrogen.— The  chemical  symbol  is  H2S; 
its  density  is  17.  It  is  a  colourless  gas,  having  an  offensive  smell 
like  that  of  rotten  eggs ;  it  is  very  poisonous.  It  burns  in  air  with 
a  light  blue  flame,  and  will  probably  form  an  explosive  mixture 
with  air.  It  is  occasionally,  but  very  seldom,  found  in  considerable 
quantities  in  mines.  It  is  said  to  cause  blindness  if  breathed. 
It  is  probably  not  uncommon  in  mines  in  minute  quantities, 
which  give  a  scent  to  unventilated  places  containing  fire-damp. 

Carbonic  Oxide,  generally  called  by  chemists  carbon  mon- 
oxide.— Chemical  symbol,  CO;  density,  14;  specific  gravity,  o-o68. 
This  gas  is  colourless  and  tasteless.  It  is  combustible,  burning 
with  a  blue  flame ;  it  is  explosive  when  mixed  with  air  in  the 
proportion  of  1  volume  of  carbon  monoxide  to  2\  of  air.  It  is 
exceedingly  poisonous,  a  minute  percentage  producing  fatal  effects 
if  breathed  for  a  short  time ;  it  is  the  most  dangerous  gas  ever 
found  in  a  mine.  Fortunately  it  is  not,  like  fire-damp  and  carbon 
dioxide,  a  natural  gas,  but  is  only  found  as  the  result  of  imperfect 
combustion.  It  may  be  produced  by  the  explosion  of  gunpowder 
and  other  blasting  compositions,  and  is  often  present  in  smoke 
from  a  fire.  The  bright  flame  emitted  from  uncovered  blast- 
furnaces is  produced  by  the  combustion  of  carbon  monoxide.  The 
density  of  carbon  monoxide  being  about  the  same  as  that  of  air, 
it  is  equally  likely  to  be  found  on  the  floor  and  near  the  roof. 

Mixing  of  Gases. — The  tendency  of  all  gases  is  to  mix 
together,  and  the  only  reason  why  fire-damp  is  found  near  the  roof 
is  because  its  tendency  to  rise  (owing  to  its  lightness)  is  greater 
than  its  tendency  to  mix ;  in  the  same  way  that  carbon  dioxide  is 
found  near  the  floor,  because  owing  to  its  weight  its  tendency  to 
sink  is  greater  than  its  tendency  to  mix  (see  Figs.  332,  333). 
When  the  air  is  moving,  the  tendency  to  mix  is  increased.  In  a 
place  containing  a  great  deal  of  gas,  whether  the  air  is  moving 
or  stationary,  fire-damp  may  be  found  on  the  floor  as  well  as  at 
the  roof,  air,  being  also  at  the  roof,  forming  an  explosive  or  in- 
flammable mixture  throughout  the  whole  height  of  the  place. 

Eudiometry. — Gases  also  pass  through  most  solid  sub- 
stances, such  as  a  brick  wall,  and  will  pass  very  rapidly  through  a 
piece  of  unglazed  porous  porcelain.  The  lighter  the  gas  the  more 
rapidly  it  passes  through  porous  substances ;  thus  fire-damp  will 
pass  through  twice  as  quickly  as  air,  and  three  times  as  quickly 
as  carbon  dioxide.  If  a  stoppered  bottle  of  porous  porcelain 
containing  air  is  put  into  the  gas  CH4,  the  gas  will  pass  rapidly 
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into  it,  and  the  air  will  pass  out  at  half  the  speed ;  consequently 
the  bottle  will  get  fuller,  and  the  pressure  inside  will  be  greater. 

•  Ansell's  Indicator. — This  principle  was  used  by  Mr.  Ansell 
for  the  purpose  of  making  a  fire-damp  indicator.  He  had  a 
small  cup  covered  with  a  plate  of  porous,  porcelain,  the  cup  con^ 
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Fig.  332. — Mixing  of  air  and  fire-damp. 
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Fig.  333. — Mixing  of  air  and 
black-damp. 


tained  mercury  connected  with  a  tube  rising  up  like  the  tube 
of  a  barometer  from  the  bottom  of  the  cup.  When  the  cup  was 
placed  in  fire-damp,  the  gas  entered  the  cup  faster  than  the  air 
escaped,  thus  causing  an  increased  pressure  in  the  cup,  which 
caused  the  mercury  to  rise  in  the  column ;  the  rising  column  of 
mercury  formed  an  electrical  communication,  which  rang  a  bell. 
In  another  form  of  the  instrument  the  porous  diaphragm  was  put 
at  the  back  of  an  aneroid  barometer,  and  when  held  in  fire-damp 
the  barometer  indicated  the  higher  pressure.  Neither  of  these 
instruments  were  of  any  practical  use,  however. 

Liveing's  Indicator.— A  red-hot  platinum  wire  will  glow 
brilliantly  if  surrounded  with  an  atmosphere  containing  fire-damp. 
This  property  has  been  adopted  by  Professor  Liveing  for  the 
construction  of  a  fire-damp  indicator.  Two  platinum  wires  were 
placed  side  by  side,  one  in  an  air-tight  chamber,  the  other 
exposed  to  the  atmosphere.  A  current  of  electricity  passed 
through  both  by  means  of  a  small  magnetic  generator,  caused 
both  wires  to  glow ;  if  the  exposed  wire  were  in  an  atmosphere 
containing  fire-damp  it  glowed  more  brightly,  and  the  percentage 
of  fire-damp  could  be  measured  by  the  comparative  degree  of 
brilliancy.  A  compact  photometer  was  added  to  the  instrument. 
This  instrument  has  also  been  found  practically  useless. 
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Spirit  Flame. — The  presence  of  small  percentages  of  fire- 
damp can  be  detected  by  using  a  flame  of  some  gas  that  gives 
very  little  light,  such  as  that  of  spirits  of  wine,  as  noticed  in  the 
description  of  the  Pieler  lamp,  Chapter  XI. 

Hydrogen  Indicator.— The  hydrogen  flame  has  been 
adopted  by  Professor  Clowes,  of  Nottingham,  and  its  use  described 
by  him  in  a  paper  communicated  to  the  Royal  Society.  For  the 
working  of  this  invention  he  has  a  small  cylinder  of  compressed 
hydrogen,  and  this  is  con- 
nected by  a  small  pipe  with 
the  interior  of  a  safety-lamp 
(see  Fig.  334).  This  figure 
shows  a  lamp  as  patented 
by  Messrs.  Clowes  and 
Ashworth  •  it  has,  however, 
since  been  improved  in 
many  details,  protected  by 
a  later  patent,  but  the  prin- 
ciple remains  the  same.  H 
is  the  small  steel  reservoir 
containing  hydrogen  at  a 
pressure  of  say  100  atmo- 
spheres; the  escape  of  the 
gas  can  be  regulated  or 
stopped  by  a  small  screw 
plug,  P.  The  reservoir  can 
be  quickly  detached  and 
carried  in  the  breast  pocket ; 
the  attachment  or  detach- 
ment can  be  effected  in 
three  or  four  seconds.  B  is 
the  hydrogen  pipe,  at  the 
top  of  which  is  a  small 
burner,  the  flame  from 
which  is  regulated  by  means 
of  the  screw  tap  to  a  height  of  10  millimetres,  or  o'4  inch.  R  is 
the  oil-reservoir,  W  the  ordinary  wick,  and  G  the  pricker ;  T  is 
the  tube  bringing  the  air  to  be  tested,  as  in  a  Gray  safety-lamp ; 
A  is  the  glass. 

When  a  test  is  to  be  made,  the  lamp  is  used  as  an  ordinary 
safety-lamp,  testing  for  gas  with  a  full  flame.  If  this  reveals  the 
presence  of  gas,  there  must  be  a  large  percentage,  the  amount  of 
which  may  be  judged  by  lowering  the  flame  and  observing  the 
height  of  the  cap  in  the  ordinary  manner.  In  case,  however;  the 
first  test  does  not  reveal  the  existence  of  fire-damp,  the  hydrogen 


Fig.  334. — Hydrogen-gas  detector.  W,  wick; 
B,  hydrogen  burner ;  R,  oil-reservoir  ;  P,  regu- 
lating plug ;  A,  glass ;  S,  pricker  for  wick  ; 
G,  gauge-wire ;  H,  reservoir  of  compressed 
hydrogen ;  T,  air-tubes. 
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cylinder  is  attached,  and  the  hydrogen  turned  on,  which  lights  itself 
at  the  oil  flame ;  the  oil  flame  is  now  put  out  by  means  of  the 
pricker.  The  height  of  the  hydrogen  flame  is  then  regulated, 
and  if  there  is  as  much  as  £  per  cent  of  fire-damp  a  cap  will  be 
distinctly  seen  ;  with  £  per  cent,  of  gas,  the  cap  is  clear  but  faint, 
17  millimetres  high;  if  there  is  i  per  cent.,  the  cap  is Jslightly 
longer,  that  is  18  millimetres,  but  is  much  brighter;  with  1  per 
cent,  the  cap  is  22  millimetres,  and  with  2  per  cent.  31  milli- 
metres, with  3  per  cent.  5  2  millimetres.  A  millimetre  is  "04  inch. 
The  above  measurements  are  from  experiments  made  with 
methane  by  Professor  Clowes.  The  percentage  is  judged  from 
the  brightness  as  much  as  from  the  height  of  the  cap.  The  oil 
flame  is  relighted  at  the  hydrogen  flame  after  the  test.  The 
hydrogen  flame  cannot  be  blown  out  or  extinguished  accidentally. 
In  order  to  test  for  gas  in  any  given  place,  the  lamp  is  first  used 
in  the  ordinary  way  as  an  oil  or  spirit-lamp ;  if  this  gives  no 
indication,  the  hydrogen  flame  is  next  tried,  and  the  oil  flame 
extinguished.  With  this  lamp  as  small  a  quantity  of  fire-damp 
as  ^  per  cent,  can  be  clearly  detected.  The  utility  of  such  a 
means  of  measuring  small  percentages  of  gas  is  evident,  because 
if  in  the  main  return  air-way  of  a  mine  there  is  an  apparent 
percentage  of  say  ^  or  £,  and  if  some  of  the  returns  have  a  less 
percentage,  then  it  is  evident  that  in  some  parts  of  the  mine  where 
the  gas  is  given  off  the  percentage  will  be  much  greater,  and  may 
be,  taking  into  consideration  the  dust  which  may  also  exist,  in 
dangerous  quantities,  though  undetected  by  the  ordinary  safety- 
lamp. 

Analysis. — Chemical  analysis  is  a  very  excellent  way  of 
ascertaining  the  existence  of  fire-damp  in  the  return  air-ways,  but 
in  order  to  have  this  analysis  it  is  necessary  to  take  samples  of  gas 
in  bottles  out  of  the  mine  to  the  laboratory.  The  gas  may  be  got  by 
taking  down  bottles  filled  with  water,  and  then,  in  the  place  from 
which  the  sample  of  air  has  to  be  taken,  holding  the  bottle  upside 
down  whilst  the  water  falls  out;  the  place  of  the  water  will  then  be 
taken  by  the  gas  in  the  vicinity.  A  very  small  percentage  of  gas 
can  be  readily  ascertained  by  the  method  adopted  by  Professor 
Winkler,  of  Freiberg.  Systematic  analyses  of  the  return  air  in 
the  mines  in  fiery  districts  by  some  such  means  would  no  doubt 
be  of  great  use,  by  giving  colliery  managers  exact  information  as 
to  the  volumes  of  gases  given  off  from  their  mines,  and  the  cost 
would  be  very  trifling. 

Precautions. — The  noxious  gases  above  described  are  chiefly 
found  in  the  coal-measures,  but  all  mines  require  ventilation.  The 
workmen,  animals,  and  candles  consume  oxygen  and  give  out 
carbonic  acid,  and  not  only  carbonic  acid,  but  other  matter  which 
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is  injurious  to  health.  Good  ventilation  is  absolutely  required  for 
these  reasons.  Wherever  explosives  are  used  the  air  is  made 
very  foul.  After  a  heavy  discharge  in  some  drift,  if  the  workmen 
return  to  the  place  before  the  current  of  fresh  air  has  driven  out 
the  smoke,  they  will  be  all  poisoned,  and  many  disastrous  accidents 
have  occurred  through  omitting  this  precaution  ;  but  even  if  the 
smoke  is  not  sufficiently  thick  to  kill  them,  there  may  be  enough 
to  injure  the  health  and  shorten  the  life  of  the  workmen.  It  is 
only  a  short-sighted  economy  which  takes  no  notice  of  the  require- 
ments of  health,  simply  because  the  workmen  are  not  engaged  for 
life,  but  only  by  the  week  at  one  particular  mine.  To  take  the 
most  sordid  view  of  the  question,  any  condition  of  work  which 
reduces  the  vigour  and  longevity  of  the  workmen  must  increase 
the  cost  ot  labour. 

Spontaneous    Combustion. — When    anything  takes    fire 

without  the  direct  application  of  some  pre-existing  fire  (such  as  a 

torch  or  match),  it  is  called  spontaneous  combustion.    This  is  very 

common  in  coal-mines,  few  districts  of  the  country  being  free 

from  this  liability,  though  it   is  much  more  frequent   in  some 

localities  than  in  others.    Thus,  for  instance,  the  thick  coal  of  South 

Staffordshire,  the  thick  coal  of  South  Warwickshire,  and  the  main 

coal  of  West  Leicestershire  and  South  Derbyshire  are  continually 

subject  to  the  form  of  spontaneous  combustion   called  gob  fires, 

whilst  they  occur  less  frequently  in  the  other  seams  and  districts 

of  the  country.     The  fire  hardly  ever  originates  in  the  solid  mass 

of  the  seam,  but  in  the  gob,  which  contains  slack  which  has  not 

been  thought  marketable,  and  portions  of  the  seam  of  coal  which 

have  not  been  extracted,  such  as  overlying   beds  of  coal  and 

underlying  beds  of  coal  of  inferior  quality  or  difficult  to  get.     It 

is  found  that  the  gob  gets  hot,  so  that  the  temperature  of  the  air 

in  mines  only  600  feet  in  depth  will  be  70°  though  there  exists 

no  fire  in  the  mine.    Sometimes  this  heat  increases  locally  to  such 

an  extent  that  smoke  and  ultimately  flame  issue  from  the  goaf; 

the  flame,  if  not  extinguished,  will  soon  set  fire  to  the  solid  pillars, 

and  the  whole  mine  be  in  a  blaze.     In  some  cases,  however, 

pillars  of  coal  in  a  main  air-way  will  take  fire.     The  cause  of  these 

fires  is,  perhaps,  not  entirely  ascertained,  and  has  been  a  matter 

of  much  controversy.     It  has  often  been  stated  to  be  due  to  the 

decomposition  of  iron  pyrites  contained    in   the  coal  or  shale, 

which   decomposition,   it   was   alleged,   might    cause    heat    and 

ultimately  fire.     Another  view  has  recently  gained  ground.1     It 

is  that  coal  has  a  strong  affinity  for  oxygen,   and   when   it  is 

minutely  subdivided  in  the  shape  of  dust,  it  rapidly  unites  with 

1  Professor  Vivian  B.  Lewes,  on  "  Spontaneous  Combustion : "  British 
Association,  1891. 
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oxygen  and  so  gets  heated,  and  this  action  becomes  abnormally 
rapid  after  a  temperature  of  ioo°  Fahr.  has  been  reached.  If 
there  is  a  great  heap  of  it,  the  heat  cannot  escape,  and  the  heat 
so  gained  facilitates  the  union  of  oxygen  and  carbon,  so  that  the 
hotter  the  heap  gets  the  more  rapid  is  the  combustion,  until  it 
actually  reaches  the  burning  point,  somewhere  between  7000  and 
900°  Fahr.1  The  method  of  dealing  with  gob  fires  is  treated 
under  the  heading  of  Methods  of  Working.  Coal  on  the  surface, 
if  left  in  large  heaps,  is  apt  to  take  fire,  especially  if  there  is  any 
artificial  warmth  near.  For  instance,  a  heap  of  slack  thrown  against 
the  base  of  a  chimney  or  the  side  of  a  boiler  flue  would  rapidly 
take  fire;  in  the  same  way,  if  a  steam-pipe  in  the  mine  were 
covered  over  with  slack,  a  fire  would  probably  ensue  very  soon. 

It  is,  perhaps,  possible  that  in  some  cases  the  heat  may  be 
to  some  extent  increased  by  the  pressure  of  overlying  strata  on 
small  pillars  or  lumps  of  coal,  the  crushing  of  which  may  generate 
heat  in  situations  where  the  heat  is  not  carried  away  by  convection 
or  radiation ;  some  kinds  of  shale,  also,  are  liable  to  spontaneous 
ignition. 

Waters. — In  sinking  shafts  water  may  be  met  with  that  has 
been  stored  up  in  the  rocks  for  a  great  length  of  time,  perhaps 
for  ages,  and  which  contains  in  solution  mineral  matter.  Springs 
are  often  met  with  that  are  perpetually  charged  with  mineral 
matter.  As  a  general  rule,  the  water  that  is  pumped  in  a  mine 
varies  with  the  rainfall  in  the  district,  and  only  remains  a  period 
varying  from  a  week  to  a  month  in  the  strata,  on  its  way  from 
the  field  or  river  through  the  strata  to  the  pumps  in  the  mine, 
and  consequently  the  water  as  it  reaches  the  pumps  is  not  highly 
mineralized.  In  other  mines  the  amount  of  water  is  very  small, 
and  has  traversed  the  strata  very  slowly  indeed,  and  has  in 
consequence  become  highly  charged.  In  some  mines  there  is  a 
great  deal  of  salt  in  the  water,  and  it  is  used  for  medicinal  baths. 
In  the  carboniferous  formation  the  water  is  generally  impregnated 
with  oxide  of  iron  and  with  sulphides.  In  veins  containing 
copper  the  water  often  contains  a  great  deal  of  sulphate  of  copper ; 
this  sulphate  of  copper  acts  rapidly  on  iron,  so  that  neither  iron 
rails,  pipes,  nor  pumps  can  be  used,  but  wood  and  lead  have  to 
be  substituted.  In  metalliferous  mines  it  has  happened  not 
infrequently  that  large  feeders  of  water  have  entered  the  mine, 
not  on  a  direct  downward  course  from  the  surface  of  the  mine,  but 
have  descended  by  some  fissures  to  a  depth  much  greater  than 
the  mine,  and  then  ascended  by  other  fissures  into  the  mine,  and 
the  water  so  entering  the  mine  has  acquired  a  temperature  due  to 

1  Coal,  however,  has  been  found  inflammable  at  a  temperature  of  only 
3500,  and  some  hydrocarbons  inflame  at  a  much-  lower  temperature  than  coal. 
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the  greater  depth,  in  some  cases  in  Cornwall  amounting  to  1200  j 
this  has  made  the  working  place  so  hot  that  it  is  hardly  possible 
to  continue  the  extraction  of  mineral.  In  some  of  the  mines 
in  the  Comstock  Lode,  U.S.A.,  the  temperature  was  so  high, 
owing  to  hot  springs,  that  it  was  necessary  to  cool  the  men  by 
showers  of  cold  water. 
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CHAPTER   X. 

COAL-DUST  :     DANGERS   AND    REMEDIES. 

It  is  now  recognized  that  coal-dust  plays  a  very  important  part 
in  colliery  explosions,  but  it  is  only  within  the  last  ten  years 
that  this  fact  has  become  generally  acknowledged.  The  Mines 
Regulation  Act,  1887,  is  the  first  Act  of  Parliament  dealing  with 
mines  in  which  there  is  any  notice  of  coal-dust.  Five  and  twenty 
years  ago  the  idea  that  coal-dust  was  explosive  would  have  been 
generally  ridiculed ;  nevertheless,  scientific  men  have  always 
recognized  that  coal-dust  might  be  inflamed  by  an  explosion,  and 
so  increase  the  disastrous  effects.  Some  French  engineers  and 
chemists  seem  to  have  been  among  the  first  to  suspect  that  coal- 
dust  itself  might  be  the  chief  source  of  damage  in  a  colliery 
explosion.  As  long  ago  as  1864,  Monsieur  Verpilleux  compared 
a  colliery  explosion  to  the  firing  of  a  gun,  suggesting  that  coal- 
dust  represented  the  gunpowder  and  fire-damp  the  priming.  In 
1872  some  mining  engineers  of  St.  Etienne  made  notes  of  a 
colliery  explosion  in  which  the  chief  explosive  agent  was  proved 
to  be  coal-dust,  and  experiments  made  by  them  showed  that  a 
dense  cloud  of  coal-dust  would  blaze  with  such  rapidity  as  to  be 
explosive.  In  1875  Monsieur  Vital,  mining  engineer,  published 
an  account  of  experiments  he  had  made  with  coal-dust,  proving 
that  it  could  be  instantly  ignited  with  a  flame,  and  would  burn 
with  violence.  In  1876  Mr.  William  Galloway,  mining  engineer 
of  Cardiff,  sent  a  paper  to  the  Royal  Society  on  "  The  Influence 
of  Coal-dust  in  Explosions."  The  object  of  this  paper  was  to 
prove  that  coal-dust,  and  not  fire-damp,  was  the  principal  agent 
in  many  disastrous  colliery  explosions.  He  has  since  contributed 
various  papers,  the  effect  of  which  is  to  show  that  coal-dust,  and 
not  fire-damp,  is  chiefly  accountable  for  many  of  the  great 
explosions.  To  people  accustomed  to  dusty  mines  where  candles 
and  blazing  lamps  are  freely  used,  gunpowder  shots  discharged, 
and  furnaces  employed  for  ventilation,  it  seems  strange  to  assert 
that  coal-dust  is  explosive,  when  the  experience  of  a  lifetime 
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seems  to  controvert  the  statement.  If,  however,  the  subject  is 
considered,  there  seems  no  reason  why  coal-dust  should  not 
explode,  because  a  mixture  of  coal-dust  and  air  has  much  of  the 
same  composition  as  a  mixture  of  fire-damp  and  air,  or  as  gun- 
powder. The  composition  of  these  substances  may  be  stated  as 
follows,  by  weight : — 


Gun- 
powder. 

Fire-damp  and  air. 

Coal-dust 
and  air. 

Carbon 

io-88 

}  ^{r-i 

6-45 

Hydrogen  ... 

0*00 

0'4 

Oxygen 

36  -96 

}  «•«  {£» 

20-6 

Nitrogen    . . . 

10-30 

72  2 

Potassium  ... 

28-97 

— 

Sulphur 

12- 80 



o-i 

Ash 

0-40 

— 

0-25 

When  gunpowder  is  burnt  or  exploded,  the  heat  is  produced 
by  the  union  of  carbon  with  the  oxygen ;  when  fire-damp  is  burnt 
or  exploded,  the  heat  is  produced  by  the  combination  of  the 
carbon  and  hydrogen  with  the  oxygen ;  and  when  coal-dust  is 
burnt,  the  heat  is  produced  by  the  combination  of  carbon, 
hydrogen,  and  oxygen.  The  reason  why  fire-damp  and  air  are 
explosive  is  that  the  nature  of  the  gases  is  such  that  the  particles 
of  carburetted  hydrogen  can  be  mixed  with  the  oxygen,  so  that 
exceedingly  minute  particles  of  one  gas  are  in  contact  with 
particles  of  the  other  gas,  and  there  is  nothing  to  prevent 
instantaneous  union  between  the  two  gases.  In  the  case  of  gun- 
powder, the  carbon  and  sulphur  are  ground  up  exceedingly  fine, 
and  then' mixed  with  the  saltpetre  (which  contains  the  oxygen), 
which  is  also  ground  very  fine,  so  that  each  minute  particle  of 
carbon  and  sulphur  has  a  particle  of  oxygen  immediately  touching 
it,  so  that  there  is  no  reason  why  al!  the  particles  should  not 
burn  at  once,  and  this  simultaneous  burning  produces  the 
expansion  which  accompanies  the  explosion.  If  the  particles  of 
carbon  and  saltpetre,  instead  of  being  ground  up  small,  were 
mixed  in  larger  pieces,  they  would  burn  if  a  1  ight  was  applied,  but 
not  so  rapidly  as  to  produce  an  explosion.  In  the  same  way, 
lumps  of  coal,  when  a  light  is  applied,  will  burn  if  there  is  a 
supply  of  air,  but  will  not  explode,  because  there  is  no  material 
quantity  of  oxygen  in  the  interior  of  the  lump  ;  nor  is  it  possible 
to  get  a  sufficient  quantity  of  oxygen  into  such  immediate  contact 
with  a  lump  of  coal  that  there  could  possibly  be  instantaneous 
combustion,  and  in  the  case  of  ordinary  coarse  coal-dust,  the 
particles  of  carbon   are  not  small  enough  to  permit   of  instan- 
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taneous  union  with  the  surrounding  oxygen.  If,  however,  the 
dust  is  exceedingly  fine,  so  that  it  will  float  in  the  air  in 
dense  clouds,  then  each  minute  particle  of  dust  may  be  sur- 
rounded with  sufficiently  large  proportion  of  oxygen  to  burn, 
and  there  is  no  reason  why  the  flame  should  not  extend  with 
extreme  rapidity  from  particle  to  particle  so  as  to  produce  all  the 


Fig.  335. — West  Riding  Colliery :  pian.   D,  doors;  S,  sheets;  X,  overcast ;    <tt* , 

of  wind;  r=,  intake;  ===,  return;  kk,  falls  of  roof ;  =,  horse-road. 


direction 


effects  which  are  known  as  an  explosion.  The  experiments 
conducted  by  numerous  mining  engineers  and  chemists  have 
demonstrated  that  if  air  is  mixed  with  fire-damp  in  the  proportion 
of  2  per  cent,  of  fire-damp  to  98  per  cent,  of  air,  this  mixture 
is  harmless ;  but  that  if  into  this  mixture  is  put  a  dense  cloud 
of  coal-dust,  and  this  is  then'  ignited  by  a  flame  from  a  pistol, 
a  violent  explosion  will  ensue — proving  beyond  dispute  that  an 
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atmosphere  previously  non-explosive  becomes  explosive  when 
mixed  with  coal-dust.  This  is  sufficient  to  place  coal-dust 
amongst  the  dangerous  elements  of  a  mine,  but  there  is  evidence 
to  show  that  coal-dust  is  much  more  dangerous  than  the  above 
statement  would  convey.  A  commission  appointed  by  the 
German  Government  made  experiments  in  an  artificial  tunnel 
on  the  surface,  with  various  kinds  of  coal-dust,  with  and  without 
an  admixture  of  fire-damp,  and  they  succeeded,  in  at  least  one 
instance,  in  obtaining  an  explosion  of  dust  when  there  was  no 
coal-gas  in  the  mixture.  Explosions  have  also  been  recorded 
that  have  taken  place  in  the  hoppers  of  screens  on  the  surface 
at  collieries  where  the  presence  of  fire-damp  could  not  reasonably 
be  expected,  and  which  are  generally  accepted  to  be  coal-dust 
explosions.  But  the  evidence  of  several  colliery  explosions  seems 
to  establish  the  fact  that  coal-dust  and  air  are  terribly  explosive 
without  any  admixture  of  fire-damp. 

West   Riding. — In  October,   1886,  there  was  an  explosion 
at  the  West  Riding  Colliery,  in  Yorkshire ;  the  verdict  returned  by 
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Fig.  336. — West  Riding  Colliery:  section  of  west  chain  road,  from  origin  of  explosion  at 
the  shots  going  "  out-bye  "  (towards  the  downcast  shaft). 

the  jury,  after  a  most  careful  inquiry,  was  to  the  effect  that  the 
explosion  was  an  explosion  of  coal-dust  ignited  by  a  blown-out 
shot.  The  circumstances  of  the  case  may  be  understood  by 
reference  to  the  plan  of  the  mine  (see  Fig.  335),  and  to  the 
section  of  one  of  the  roadways  (see  Fig.  336).1  The  colliery 
had  the  reputation  of  being  very  well  managed_  and  very  well 
ventilated ;  it  had  been  worked  for  twenty  years  with  naked  lights, 
1  See  "  Report  of  Royal  Commission  on  Explosions  of  Coal-dust  in  Mines," 
evidence  of  Mr.  W.  E.  Garforth. 
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but  safety-lamps  had  been  recently  introduced  as  an  extra 
precaution.  The  evidence  showed  that  immediately  before  the 
explosion  the  mine  was  entirely  free  from  fire-damp  in  any  of 
the  main  roads  or  working  places.  The  evidence  also  shows  that 
the  main  haulage  roads  had  in  them  a  great  quantity  of  coal-dust, 
some  of  which  was  of  an  exceedingly  fine  character,  and  when 
stirred  up  would  float  in  the  air  in  thick  clouds.  On  the  night 
of  the  explosion  some  men  were  at  work  making  the  west  chain 
road  wider,  and  to  do  this  gunpowder  was  used ;  no  gunpowder 
had  been  used  on  this  road  for  many  years.  Two  shots  were  fired ; 
after  the  third  shot  was  fired  occurred  the  disastrous  explosion. 
The  suggestion  is  that  the  two  first  shots  helped  to  shake  up 
the  dust,  and  that  the  third  shot,  having  a  long  flame  in  con- 
sequence of  being  "  blown  out "  or  partially  "  blown  out," 
ignited  the  compound  of  dust  and  air.  The  place  of  the 
explosion  is  marked  on  the  plan,  and  the  section  shows  the 
position  of  the  shots.  The  section  shows  that  there  was  no 
cavity  where  gas  could  lodge.  It  appears  that  the  men  who 
were  engaged  upon  this  work  were  killed  by  the  explosion ; 
but  it  does  not  appear  to  have  been  very  violent  at  this  place,  as 
the  timbers  were  not  disturbed.  At  a  short  distance,  however, 
going  both  "  in-bye  "  and  "  out-bye,"  great  signs  of  violence  were 
apparent,  and  the  signs  of  violence  were  stronger  going  "  out- 
bye"  towards  the  downcast  shaft;  on  the  way  "out-bye"  timbers 
were  knocked  down,  and  great  masses  of  stone  fell  from  the  roof. 
About  the  shaft,  survivors  of  the  explosion  observed  a  mass  of 
flame ;  a  great  column  of  dust  was  thrown  out  of  the  top  of  the 
shaft.  The  effects  of  the  explosion  traversed  all  the  main  haulage 
roads,  except  one;  but  in  no  case  was  it  observed  that  the 
explosion  reached  the  working-face,  and  in  no  case  were  there 
any  effects  of  an  explosion  in  the  return  air-road.  At  the  place 
where  the  .  shot  was  fired  there  was  a  very  powerful  ventilation — 
40,000  to  50,000  cubic  feet  per  minute — and  it  was  quite  beyond 
experience  or  imagination  to  suppose  that  there  could  be  fire- 
damp at  this  place  ;  but  even  if  there  were  a  trace  of  fire-damp,  it 
is  impossible  to  suppose  that  there  was  any  considerable  quantity. 
If  there  had  been  any  accumulations  of  fire-damp,  they  would  in 
all  probability  be  near  the  working-face,  because  here  would  be 
cavities  in  the  goaf,  not  filled  up,  where  gas  might  easily  lodge, 
and  here  would  be  gases  issuing  from  the  coal,  and  if  there  was 
a  blower  of  gas  it  would  probably  issue  near  the  face,  as,  whilst 
there  are  many  records  of  blowers,  there  are  no  records  of  any 
except  those  that  have  occurred  near  the  face.  But  if  there  had 
been  fire-damp  issuing  at  the  face  or  in  the  goaf,  there  would  have 
been    some  evidences  of  explosion   or   combustion  there ;  but, 
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as  a  matter,  of  fact,  there  were  none.  All  the  evidences  of 
explosion  and  combustion  were  along  the  haulage  roads,  where 
there  was  fresh  air  from  the  downcast  shaft  and  coal-dust.  Near 
to  the  face  there  is  not  much  dust,  and  what  dust  there  is  is  of  a 
larger  kind  ;  it  is  on  the  haulage  roads  that  the  dust  is  the  most 
abundant  and  of  the  finest  quality.  It  was  above  stated  that  the 
explosion  extended  into  all  the  haulage  roads  but  one ;  that  one  is 
the  east  chain  road  (A,  Fig.  335)  and  between  that  road  and  the 
west  chain  road,  where  the  explosion  originated,  are  the  stables. 
The  ground  near  the  stables  (B)  had  been  wetted  by  the  water 
used  in  washing  the  horses ;  the  explosion  did  not  pass  that  place, 
whereas,  if  it  had  been  an  explosion  of  fire-damp,  the  water  would 
have  had  little  or  no  tendency  to  arrest  the  passage  of  the 
flame.  But  the  conclusion  seems 
to  be  irresistible  :  that  this 
was  an  explosion  of  coal-dust 
without  the  presence  of  fire- 
damp. 

Whitehaven.— Some  people 
have  been  under  the  impression 
that  a  comparatively  small 
amount  of  fire-damp  would  pro- 
duce the  effects  of  a  great  col 
liery  explosion.  This,  however, 
is  not  the  case.  Messrs.  W.  N. 
and  J.  B.  Atkinson,  inspectors 
of  mines,  in   their  exceedingly  FlG-  337.-whitd.av™  Colliery, 

valuable  book  called  "Explosions  in  Coal-mines'' — a  work  which 
cannot  be  too  carefully  studied  by  all  who  wish  to  have  a 
thorough  comprehension  of  this  question — give  an  instance  of 
a  fire-damp  explosion  at  the  Whitehaven  Colliery  (see  Fig.  337). 
In  this  case,  a  length  of  say  380  yards  (C  to  D)  of  heading 
contained  an  explosive  mixture  amounting  to  about  32,800  cubic 
feet,1  which  was  fired,  and  the  effects  of  the  explosion  were  little 
felt  or  noticed  beyond  the  point  A.  The  mine  was  damp,  so  that 
there  was  no  coal-dust  to  carry  forward  the  explosion,  and  as  soon 
as  the  exploded  gases  emerged  from  the  heading  and  found  room 
for  expansion  their  force  was  dissipated,  and  this  the  more  quickly 
because  the  heat  which  causes  the  gases  to  expand  would  be  quickly 
absorbed  by  the  cold  surfaces  with  which  the  gases  would  come 
in  contact. 

West    Stanley. — Another    instance   of  coal-dust  explosion 
given  by  Messrs.  Atkinson  is  the  West  Stanley  Colliery.     Here 
was  a  coal  yielding  a  considerable  amount  of  gas,  worked  pillar- 
1  Messrs.  W.  N.  and  J.  B.  Atkinson,  "Explosions  in  Coal-mines." 
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and-stall.  Gunpowder  was  used,  and  a  shot  X,  shown  on  the  plan 
(Fig.  338),  is  supposed  to  have  ignited  some  fire-damp,  and  as  a 
consequence  the  explosion  traversed  the  whole  of  the  mine,  with 
the  exception  of  two  districts.  The  effects  of  fire  were  seen  in 
both  intake  and  return  roads.  In  the  intake,  the  fire  travelled 
back  to  the  downcast  shaft ;  in  the  return,  it  did  not  reach  the 
upcast  shaft,  but  stopped  at  a  place  in  the  return  road  which  was 
damp.  The  flame  of  the  explosion,  which  had  passed  along  the 
intake  air-road  to  the  downcast  shaft,  turned  to  the  right  hand 
into  the  south  district,  but  did  not  pass  the  shaft  into  the  north 
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Fig.  338.— Plan  of  West  Stanley  Colliery. 


district.  The  downcast  shaft  was  wet,  and  the  immediate  vicinity 
of  this  shaft  was  damp.  It  thus  appears  that  the  explosion  was 
stopped  in  two  places  by  some  moisture.  If  the  explosion  had 
been  in  gas,  it  would  have  passed  over  the  moisture ;  but  the 
moisture  was  sufficient  to  lay  the  dust,  and  therefore,  if  dust  were 
the  explosive,  there  was  an  absence  of  explosive  material  in  this 
place,  consequently  the  explosion  ceased.  According  to  the 
evidence,  it  is  improbable  that  there  was  such  an  amount  of  gas  in 
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the  workings  as  could  be  detected  by  ordinary  examination  with 
an  ordinary  oil  safety-lamp,  but  it  is  probable  that  there  might 
have  been  a  small  percentage  in  the  atmosphere,  and  that  this  was 
reinforced  by  dust  stirred  up  by  the  explosion,  which  was  originated 
by  the  shot  igniting,  perhaps,  some  small  accumulation  of  explosive 
gases.  This  is  a  case,  not  of  a  pure  coal-dust  explosion,  but  of  an 
explosion  rendered  disastrous  by  coal-dust. 

Elemore  Colliery. — Perhaps  one  of  the  most  extraordinary 
coal-dust  explosions  was  that  which  occurred  at  the  Elemore 
Colliery  in  Durham,  in  December,  1886.  The  evidence  shows 
that  the  explosion  originated  in  a  main  intake  haulage  road 
within  200  yards  of  the  downcast  shaft.  It  was  an  old  colliery ; 
the  road  had  been  made  for  many  years,  and  there  was  a 
current  of  37,000  cubic  feet  a  minute  of  fresh  air  passing  the 
place  where  it  is  said  the  explosion  originated.  On  the 
night  of  the  explosion  some  miners  were  at  work  enlarging 
the  road  at  the  place  marked  +  on  the  plan  (Fig.  339)  and  also 
on  the  section  (Fig.  340).  Several  shots  were  fired  by  one  shift  of 
men,  who  were  relieved  by  a  second  shift,  who  fired  another  shot, 
after  which  the  mine  exploded.  The  evidence  seems  to  show 
that  it  was  impossible  for  the  explosion  to  have  originated  in  any 
other  part  of  the  mine.  The  flame  was  seen  to  rush  into  the 
downcast  shaft,  and  go  down  the  shaft  and  enter  a  seam  of  coal 
on  a  lower  level  and  pass  along  the  intake  haulage  road,  and  go 
still  further  down  the  shaft  and  enter  another  seam  on  a  still 
lower  level.  Everywhere  the  flame  traversed  intake  haulage  roads 
for  a  total  length  of  3500  yards.  There  was  no  explosion  in  the 
return  air-roads ;  there  was  no  explosion  in  the  working  places. 
The  intake  haulage  roads  were  dry  and  dusty,  and  it  is  incon- 
ceivable that  there  could  have  been  fire-damp  in  these  intake 
roads  and  no  fire-damp  in  the  working  places  and  returns.  The 
conclusion  is  irresistible  that  this  was  an  explosion  of  coal-dust. 

Clay  Cross. — To  go  further  south,  in  the  year  1882  an 
explosion  occurred  at  Clay  Cross,  in  Derbyshire,  and  there  is  little 
doubt  that  this  was  an  explosion  of  coal-dust. 

Pen-y-Graig. — At  the  Naval  Colliery,  Pen-y-graig,  in  Glamor- 
ganshire, an  explosion  occurred  in  the  year  1880.  The  explosion 
traversed  all  the  roads  and  working  places  in  this  (see  Fig.  341) 
pit,  with  the  exception  of  one  heading  A,  which  was  damp.  In 
this  case  the  coal  yielded  a  great  deal  of  fire-damp,  and  it  is 
probable  that  there  would  be  a  small  percentage,  not  exceeding 
2  per  cent,  in  the  return  air-roads.  The  pit  was  exceedingly  well 
ventilated;  this  was  easy  to  arrange,  because  the  downcast  was 
at  the  extreme  dip  and  the  upcast  at  the  extreme  rise  of  the  mine. 
It  would  be  strange  that  the  effects  of  heat  and  violence  should 
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have  been  strong  in  the  intake  air-roads  if  it  had  been  a  fire-damp 
explosion,  and  that  one  heading  alone,  which  happened  to  be 


bo 

E 


-0  1 


I 


0 
u 


COAL-DUST:   DANGERS   AND   REMEDIES.  269 

the  only  damp  place,  should  be  the  only  place  that  was  free 
from  the  effects  of  the  explosion  unless  the  explosion  were  one  of 
coal-dust 

Lessons. — It  would  be  possible  to  multiply  instances  of 
explosions  in  which  coal-dust  has  played  the  chief  part,  and  the 
more  the  subject  is  studied  the  more  the  evidence  seems  to  show 
that  a  large  proportion  of  the  great  explosions  that  have  occurred 
during  the  last  thirty  years  have  been  chiefly  coal-dust  explosions, 
though  no  doubt  in  many  cases  fire-damp  has  played  an  important 
part  either  in  originating  or  in  assisting  the  explosion.  The 
lesson  to  be  drawn  from  this  fact  is  that  coal-dust  must  be  treated 
with  care  as  if  it  were  gunpowder ;  no  shot  must  be  fired  in  any 
dusty  places  until  the  dust  has  been  laid  by  water.  The  intake 
air-road,  which  has  for  so  long  been  considered  the  safest  place 
where  naked  lights  might  be  waved  about  and  gunpowder  shots 
exploded,  must  now  be  reckoned  among  the  most  dangerous 
places,  not  simply  because  it  is  an  intake  air-road,  but  because 
the  intake  air-road  is  generally  the  haulage  road.  Whichever  is 
the  road  along  which  the  coal  is  hauled  will  be  the  dusty  road 
and  the  dangerous  road.  To  remove  this  danger  it  is  necessary 
to  remove  the  dust  Coal-dust  may  be  avoided  or  mitigated  by 
various  expedients.  One  way  of  not  having  coal-dust  on  the 
haulage  road  is  to  be  careful  that  no  coal  is  allowed  to  fall  from 
the  coal-waggons  as  they  pass  along,  for  that  reason  the  sides  and 
bottoms  of  the  trucks  must  be  closely  jointed  and  they  must  not 
be  overloaded,  or,  if  coal  does  fall  off,  it  must  be  picked  up  and 
removed.  But  there  may  be  coal  from  the  sides  and  floor  of  the 
road  which  might  form  into  dust  under  the  influence  of  the  traffic 
over  it.  Experience  shows  that  this  dust  can  be  laid  and  made 
solid  if  it  is  damped. 

Dryness  of  Mines. — The  intake  air-ways  of  a  coal-mine  are 
generally  very  dry,  for  the  following  reasons  :  A  mine  in  winter- 
time is  much  warmer  than  the  air  on  the  surface,  and  in  summer- 
time a  mine  200  yards  deep  is  as  warm  as  the  air  on  the  surface 
in  the  daytime,  and  warmer  than  the  night  air ;  a  mine  400  yards 
deep  is  warmer  than  the  air  on  the  surface  in  the  daytime  in  the 
warmest  weather  in  England.  When  air  is  warmed  its  capacity 
for  absorbing  moisture  is  increased,  and  when  it  is  cooled  its 
capacity  is  diminished.  Thus  if  in  summer-time  air  passes  into 
a  shallow  mine,  say  50  yards  deep,  the  roof  of  the  mine  will  be 
damp  with  water,  deposited  by  the  incoming  air  cooled  by  contact 
with  the  colder  ground.  But  in  the  same  mine  in  winter-time, 
the  incoming  air  being  colder  than  the  mine,  it  will  be  warmed, 
and  the  moisture  in  the  roads  will  be  sucked  up  by  the  air,  and 
the  roads  will  be  perfectly  dry.     In  a  deep  mine  the  air  is  always 
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warmed  as  it  enters  the  mine,  and  consequently  its  capacity  for 
absorbing  moisture  is  increased;  it  therefore  sucks  up  all  the 
moisture  from  the  surface  of  the  roads  along  which  it  passes  until 
it  is  saturated.  When  the  air  reaches  the  newly  cut  coal  at  the 
face,  it  absorbs  the  damp  from  this  and  becomes  less  dry.  It  has 
also  by  that  time  generally  reached  the  temperature  of  the  mine. 
Such  air  now  proceeds  along  the  return  air-roads;  it  does  not 
receive  any  further  increase  of  temperature,  and  its  capacity  for 
drying  the  roads  is  less  than  when  it  first  entered  the  mine,  but 
the  main  roads  along  which  it  has  swept  are  as  dry  as  tinder. 

Methods  of  laying  the  Dust. — In  order  to  lay  the  dust, 
one  method  is  by  taking  a  common  water-cart  along  the  road,  at 
the  rear  of  which  is  a  pipe  pricked  with  small  holes,  by  which  the 
roads  are  watered  as  in  a  street  (see  Fig.  342).     Another  method 


Fig.  342. — Water-cart. 


Fig.  343. — Water-cart : 
revolving  brush. 


(see  Fig.  343)  is  to  have  a  water-cart,  and  at  the  rear  is  a  revolving 
brush  driven  by  gearing  from  theaxles,  which  spatters  water  all  round, 
so  wetting  the  roof  and  sides  as  well  as  the  floor.  Another  method 
is  shown  in  Fig.  344.     In  this  case  a  small  force-pump  is  worked 


Fig.  344. — Kirkhouse  and  Lewis's  patent  automatic  watering-tank. 

by  the  carriage  axle,  and  pumps  water  through  a  circular  pipe  in 
small  jets,  which  strike  the  roof  and  sides  and  floor.  Another 
method  is  to  take  water  down  the  shaft  and  along  the  intake  roads 
in  pipes,  say  a  2-inch  pipe  in  the  shaft,  and  i^-inch  on  the  level; 
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Fig.  345. — High-pressure  water-spray.      1,  ri-inch  water 
main  ;  2,  jet  for  spraying  water,  regulated  by  screw  3. 


a  stand-pipe  £-inch  bore  every  25  yards,  and  at  the  top  of  the  stand- 
pipe  a  small  jet  (see  Fig.  345).  The  water  in  the  pipes  has  a  very 
high  pressure,  say  from  80  to  250  lbs.  on  the  square  inch.  The  jet 
is  exceedingly  small, 
as  small  as  can  pos- 
sibly be  made;  it  is 
turned  in  the  direc- 
tion of  the  air-current. 
The  water  issuing  from 
this  very  fine  jet  takes 
the  form  of  a  very  fine 
spray  or  mist,  which 
is  carried  along  by  the 
air  -  current,  strikes 
against  the  roof,  sides, 
and  floor,  and  lays  the 
dust.  This  method 
has  been  devised  and 
carried  out  by  Mr. 
John  James  Thomas, 
at  Ynishir  Colliery,  Rhonddafach  valley,  Glamorganshire.  Mr. 
Thomas  says  (and  he  is  supported  by  other  experienced  colliery 
managers  who  have  adopted  this  method)  that  the  effect  of  this 
spray  on  the  main  road  is  to  reduce  the  temperature  and  to  lay 
the  dust,  and  there  are  no  ill  effects  ;  the  roads  are  not  wet,  as  by 
a  water-cart, and  there-  F|.      g 

fore  the  floor  of  the 
mine  is  not  injured, 
as  would  be  the  case 
if  water  were  put  on 
it.  The  tendency  to 
dry  rot  in  the  timber, 
so  common  in  dry 
mines,  is  also  arrested, 
and  the  timber  lasts 
well.  By  means  of  taps 
on  some  of  the  water- 
pipes,  water  can  be  got 
for  the  ponies,  which 
is  a  great  advantage. 
At  the  Dowlais  steam  coal-pits  a  system  of  spray-jets  is  used  in 
which  compressed  air  forces  the  water  out  through  a  small  jet, 
making  a  very  fine  spray  (see  Figs.  346,  347).  The  system  of 
water  spray-jets  has  also  been  adopted  throughout  the  Llwynypia 
collieries;  at  Harris's  Navigation  (Fig.  348)  they  have  15  miles 


Figs.  346,  347. — Compressed-air  water-spray.  1,  main  air- 
pipe  ;  2,  main  water-pipe  ;  3,  mixed  jet  spray  ;  4,  junc- 
tion of  pipes. 
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of  water-pipes  ;  and  at  other  places  a  similar  method  is  used  with 
great  success.  In  fact,  the  system  is  becoming  common  in  the 
steam-coal  collieries  of  Glamorganshire.      Another  system   has 

been  tried  at  the  Pochin  pits,  new  Tredegar 

-^~^_    Colliery,  by  Mr.  Henry  Stratton.     This  col- 

~-       liery  is  315  yards  deep;  the  temperature  of 

the  return  air-course  was  630  to  64°.     Mr. 

Stratton  takes  the  exhaust  steam  from  the 
fig.  348.  —  Spray-jet  en-   fan  into  the  downcast  shaft,  thereby  raising 
arge      ams).  ^e  temperature  0f  tjje  downcast  air  to  63° 

before  it  enters  the  mine,  and  saturating  it  with  moisture  from 
the  steam,  so  that  it  does  not  extract  moisture  from  the  .mine. 
Therefore  there  is  no  dust  made,  and  the  pit  is  much  pleasanter, 
safer,  and  healthier.  This  system  is  ingenious,  but  it  is  not 
always  possible  to  carry  it  out  in  practice  effectually,  because 
sometimes  in  frosty  weather  the  amount  of  steam  necessary  to 
saturate  the  air  is  such  as  to  cause  a  mist  at  the  pit-bottom,  which 
is  inconvenient.  In  some  places  the  dust  is  bodily  removed  from 
the  pit  by  shovelling  it  into  waggons.  The  reader  is  referred  to 
the  Mines  Regulation  Act,  1887,  for  the  rules  now  enforced 
relating  to  coal-dust. 

With  regard  to  the  injury  producible  by  a  coal-dust  explosion, 
the  experience  obtained  in  mines  shows  that  the  violence  is  ex- 
treme, tossing  heavy  weights  about,  smashing  waggons,  timbers, 
doors,  overcasts,  blowing  cages  up  the  shaft,  and  otherwise 
destroying  whatever  comes  in  its  way.  But  in  order  to  arrive  at 
some  theoretical  estimate  of  the  injury  to  be  expected,  it  must  be 
borne  in  mind  that,  no  matter  how  much  coal-dust  there  may  be, 
only  so  much  of  it  can  explode  as  enters  into  combination  with 
the  oxygen.  But  the  only  oxygen  available  for  an  explosion  in  a 
mine  is  that  contained  in  the  air.1  Wherever  there  is  a  great  deal 
of  coal-dust,  there  is  much  more  of  it  than  can  be  burnt  by  the 
oxygen  in  the  air  in  that  locality,  and  it  is  therefore  safe  to  assume 
that  there  is  always  a  sufficiency  of  coal-dust  in  "  every  coal-dusty 
road,"  and  that  the  force  of  the  explosion  may  be  measured  by 
the  amount  of  oxygen.  In  this  way  it  has  been  calculated  in  the 
case  of  the  Seaham  Colliery,  which  exploded  in  the  year  1880,  that 
the  amount  of  oxygen  in  the  roads  showing  signs  of  fire  would, 
if  exploded  with  coal-dust,  exert  as  much  energy  as  say  50,000 
lbs.  of  gunpowder.  The  length  of  roads  traversed  by  the 
explosion  amounts  to  7500  yards  in  the  aggregate,  which  equals 
22,500  feet.     If  there  was  an  average  sectional  area  of  50  square 

1  There  may  be  a  good  deal  of  oxygen  in  the  coal-dust,  possibly  three 
times  the  volume  of  the  dust,  but  this  will  only  be  about  6J,j  part  of  that 
required  for  combustion.     It  may,  however,  assist  in  the  explosion. 


COAL-DUST:   DANGERS   AND   REMEDIES.  273 

feet,  there  would  be  50  cubic  feet  of  air  in  each  length  of  1  foot, 
weighing  say  3-8  lbs.,  of  which  about  0-87  lb.  would  be  oxygen. 
One  pound  of  gunpowder  contains  about  40  per  cent,  of  oxygen, 
so  that  087  lb.  of  oxygen  is  contained  in  2-17  lbs.  of  gunpowder  ; 
so  that,  on  the  assumption  that  the  oxygen  causes  as  much 
expansion  with  coal-dust  as  with  gunpowder,  the  effect  would  be 
as  22,500  x  2*17  =  48,825  lbs.  of  gunpowder.  This  rough 
calculation  is  based  on  a  great  many  assumptions,  and  is  put 
forward  as  an  illustration,  and  not  as  a  statement  of  facts. 
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CHAPTER   XL 

SAFETY-LAMPS. 

In  the  last  century  coal-mining  was  a  comparatively  small  in- 
dustry, and  the  methods  of  dealing  with  noxious  gases  but  im- 
perfectly understood ;  ventilation  was  frequently  defective,  so  that 
accumulations  of  gas  were  very  common.  Experience  having 
taught  the  miner  the  danger  to  be  encountered  on  entering  the 
mine  with  a  candle,  it  became  a  practice  in  some  parts' to  send  in  a 
man  of  bold  and  resolute  character,  wrapped  irvdamp  clothes,  with 
a  light  at  the  end  of  a  pole,  with  which  he  could  set  fire  to  accumu- 
lations of  explosive  gases,  and  thus  render  the  place  comparatively 
safe  for  the  collier.  These  men  received  the  appropriate  name  of 
"  firemen,"  a  title  which  is  still  given  to  the  deputy  who  searches  for 
gas  at  the  present  day.  Other  methods  of  working  in  mines  con- 
taining explosive  gas  were  attempted,  such  as  the  faint  illumina- 
tion given  by  the  phosphorescence  from  the  scales  of  fishes'  skins, 
or  the  sparks  produced  by  holding  a  piece  of  flint  against  a  rapidly 
rotating  wheel  of  steel. 

Several  ingenious  lamps  were  tried  by  Humboldt,  Dr.  Clanny, 
and  George  Stephenson,  but  the1  first  thoroughly  good  safety-lamp 
was  invented  by  Sir  Humphrey  Davy  in  1817.  The  Davy  lamp 
now  in  use  only  differs  in  comparatively  unimportant  details  from 
that  constructed  seventy-five  years  ago.  The  principle  of  the  lamp 
is  as  follows  :  The  flame  is  due  to  the  union  of  gas — produced  by 
heating  the  oil — with  oxygen  from  the  surrounding  atmosphere. 
This  union  will  not  take  place  unless  the  temperature  of  the 
uniting  gases  is  1500°  Fahr.  If  a  gas-flame  is  brought  in  contact 
with  a  cool  material,  the  flame  is  extinguished,  and  the  gases  pass 
away  unburnt.  This  may  be  tested  by  holding  a  wax  match 
against  a  cold  poker,  when  the  size  of  the  flame  will  be  greatly 
diminished.  If,  instead  of  a  thick  bar  of  iron,  a  number  of  small 
wires,  woven  into  a  gauze,  are  placed  over  the  flame,  the  gases 
will  pass  through,  but  not  the  flame,  because  the  gases  are  cooled 
by  contact  with  the  gauze.     That  the  gas  has  passed  through  the 
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Fig.  349.    Gas  and  gauze. 


gauze  may  be  easily  proved  by  lighting  it  with  a  match  at  the 
upper  side  (see  Fig.  349).  That  the  stoppage  of  the  flame  is  due 
to  the  cooling  action  may  be  proved  by  holding  one  part  of  the 
gauze  in  the  hottest  part  of  the 
flame  until  it  is  red  hot,  when 
the  flame  will  pass  through,  and  * 
the  gas  above  will  burn. 

Davy  Lamp. — The  Davy 
lamp  (see  Fig.  350)  consists, 
therefore,  of  an  ordinary  oil-lamp 
covered  with  a  cylinder  of  gauze 
about  \\  inch  in  diameter  and  7 
inches  in  length.  The  top  of 
the  gauze  is  covered  over  with  a 
second  cap.  The  wires  are  about  -^  of  an  inch  in  diameter,  and 
there  are  28  parallel  wires  in  an  inch,  forming  784  apertures  in  a 
square  inch;  the  area  of  opening  is  thus  less  than  ^  of  the  area 
of  the  gauze.  Through  these  openings  the  air  can  freely  enter  so 
as  to  produce  a  good  flame ;  but  if  gases  should  enter  with  the 
air,  and,  taking  fire,  fill  the  interior 
of  the  lamp  with  flame,  as  soon  as 
this  flame  touches  the  gauze  it  is 
instantly  cooled,  and  therefore  can- 
not pass  outside.  Should  a  current 
of  burning  gas  be  kept  against  the 
gauze  it  will  soon  get  hot,  and  the 
flame  will  pass,  and  the  stronger  the 
current  of  burning  gas  the  more  rapid 
will  the  heating  of  the  gauze  become ; 
so  that,  whilst  the  Davy  lamp  is  safe 
in  a  place  where  there  is  no  current 
for  a  short  time,  it  is  unsafe  in  a 
current  or  if  held  in  inflammable  gas 
for  more  than  a  few  minutes.  The 
time  required  for  the  gauze  to  cool 
the  flame  is  evidently  only  a  very 
little  time ;  but  if  the  wires  were  made 
thinner  without  being  placed  closer 
together,  the  flame  would  have  a 
less  distance  to  travel  in  passing 
through  the  apertures,  and  less  time  would  be  occupied ;  and  if 
the  wires  were  too  thin  there  would  not  be  sufficient  time  for 
cooling,  or,  if  the  flame  were  projected  with  great  velocity  against 
the  gauze,  there  might  not  be  sufficient  time  to  cool  it  before  it 
passed  through.     Thus  a  sudden  shock,  as  of  an  explosion,  may 


784  holes 
p.  eq.  inch. 


Fig.  350. — Davy  lamp. 
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sometimes  cause  the  flame  to  pass  through  the  gauze.  If  the 
lamp  is  suddenly  lifted  into  gases,  there  will ,  be  an  explosion  in- 
side the  lamp ;  for  that  reason  the  lamp  should  never  be  intention- 
ally raised  rapidly  in  a  mine.  The  effect  of  the  explosion  is  to 
force  the  burning  gases  inside  the  lamp  against  the  gauze.  The 
larger  the  lamp  the  greater  the  force  of  the  explosion,  and  if  the 
lamp  were  too  large,  the  explosion  would  force  the  flame  through 
the  gauze  ;  for  that  reason  the  diameter  of  the  gauze  must  never 
be  larger  than  i£  inch.  If  part  of  the  gauze  is  taken  away, 
and  glass  or  solid  metal  substituted,  then,  in  case  of  an  explosion 
inside  the  lamp,  the  gases  have  a  less  area  of  opening  through 
which  to  escape,  and  must  therefore  go  more  quickly,  and  there  is 
a  danger  of  the  flame  being  forced  through  the  gauze;  so  that  the 
proportion  between  the  contents  of  the  lamp  and  the  openings  in 
the  gauze  through  which  the  heated  gases  may  pass  must  be 
observed.  The  Davy  lamp  is  not  perfect  for  several  reasons.  It 
will  freely  burn  in  an  explosive  mixture  until  it  is  red  hot,  and  then 
it  will  ignite  the  external  gases.  The  flame  readily  passes  in  a 
current  exceeding  6  feet  a  second,  and  sometimes  in  a  current 

of  less  speed,  even  4  or  5  feet  a 
second ;  and  the  light  it  gives  is  very 
poor,  owing  to  the  fact  that  £  of  the 
cover  is  opaque  wire,  and  less  than  £ 
opening.  The  wire  pillars  that  unite 
the  lamp  top  and  bottom,  together 
with  the  oil-pot  and  the  top  to  which 
the  suspending  ring  is  attached,  also 
diminish  the  light,  so  that  the  illu- 
mination produced  by  a  Davy  is 
between  TV  and  ^  of  that  given  by  a 
standard  sperm  candle. 

Clanny  Lamp.  —  The  Clanny 
lamp  (see  Fig.  351)  is  similar  to  the 
Davy,  but  there  is  a  glass  cylinder 
instead  of  the  lower  portion  of  the 
gauze.  The  glass  cylinder  has  a  washer 
of  soft  leather,  indiarubber,  asbestos, 
or  other  flexible  material  at  the  top  or 
bottom,  so  as  to  prevent  a  passage  of 
air  over  it.  A  flange  at  the  bottom  of 
the  gauze  cap  fits  against  a  brass  ring 
over  the  glass ;  the  supply  of  air  for  the  lamp  enters  through  the 
gauze  above  the  glass.  The  Clanny  gives  more  light  than  the  Davy, 
and  can  be  more  easily  carried  in  an  air-current  without  being  blown 
out ;  it  is  superior  in  no  other  respect,  whilst,  if  an  explosion  should 


784  holes 
persy. 


Fig.  351 — Clanny  lamp. 
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take  place  inside,  the  burning  gases,  having  a  less  area  of  gauze 
through  which  to  escape  in  proportion  to  the  contents  of  the  lamp, 
would  be  more  likely  to  fire  the  gas  outside  than  in  the  Davy- 
lamp.  Such  an  explosion  of  gas  inside  a  Clanny  could,  how- 
ever, only  take  place  if  there  was  a  very  small  oil-flame  inside 
the  lamp,  permitting  the  lamp  to  be  nearly  filled  with  explosive 
mixture.  If,  on  the  other  hand,  the  flame  of  the  lamp  was  at 
its  full  height,  a  great  part  of  the  interior  would  be  filled  with  the 
products  of  combustion  from  the  lamp-flame,  and  therefore  there 
would  only  be  room  for  a  small  quantity  of  explosive  gas.  There- 
fore, if  the  Clanny  lamp  is  used  for  testing  for  gas,  it  is  in  the 
first  instance  desirable  to  use  it  with  the  flame  at  full  height ;  if 
this  gives  no  indication  of  gas,  then  the  flame  may  be  reduced, 
and  a  more  delicate  test  applied. 

Stephenson  Lamp. — The  Stephenson  lamp  (see  Fig.  352) 
differs  from  the  Davy  in  the  following  respects;  The  gauze  has 
a  diameter  of  about  2  inches ;  inside  is  a  glass  which  reaches 
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Fig.  353. — Stephenson  lamp,  enlargement. 


Fig.  352. — Stephenson  lamp. 

nearly  to  the  top  of  the  gauze ;  the  top  of  the  glass  cylinder  is 
covered  with  a  perforated  copper  cap,  and  it  rests  upon  a  brass 
ring.  The  air  to  feed  the  flame  enters  the  lamp  through  a  number 
of  small  holes  about  5V  inch  in  diameter  (see  Fig.  353)  in  a 
hollow  collar ;  it  then  passes  through  the  wire  gauze,  which  is 
fastened  to  the  lower  flange  of  this  collar.  The  amount  of  air 
that  can  enter  the  lamp  is  thus  regulated  by  the  size  of  the  inlet 
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orifices.  The  lamp  above  the  flame  is  mostly  filled  with  the  pro- 
ducts of  combustion ;  if,  therefore,  instead  of  fresh  air,  fire-damp 
should  enter  the  lamp  by  these  holes  and  ignite  at  the  flame,  the 
oxygen  inside  is  instantly  burnt  up.  For  lack  of  this  necessary 
element  the  flame  goes  out,  so  that,  should  such  a  lamp  be  teft 
burning  in  gas,  it  would  quickly  extinguish  itself.  If,  however,  the 
lamp  is  exposed  to  a  current  of  inflammable  gas  and  air,  the 
pressure  forces  a  sufficient  supply  of  oxygen 
inside,  and  the  flame  continues  till  the  lamp 
is  red-hot.  In  a  current  of  from  8  to  12 
feet  per  second  the  Stephenson  lamp  is 
unsafe. 

Mueseler  Lamp. — This  is  a  Belgian 
amp  (see  Fig.  354),  and  may  be  described 
as  a  modification  of  the  Clanny.  There  is 
a  metal  chimney  by  which  the  products  of 
combustion  are  conducted  to  the  upper  part 
of  the  gauze  cover.  There  is  a  horizontal 
diaphragm  of  gauze  covering  the  lamp  at 
the  top  of  the  glass,  the  only  opening  being 
where  the  chimney  passes  through,  the  gauze 
being  tightly  fastened  to  the  chimney.  The 
air  enters  the  lamp  through  the  outer  "gauze 
above  the  glass,  descends  through  the  hori- 
zontal gauze  to  the  flame,  ascends  the  in- 
ternal chimney,  and  escapes  through  the 
upper  part  of  the  outer  gauze.  This  lamp 
will  burn  brightly  on  account  of  the  regu- 
lated air-current.  It  is  also  safer  than  the  Clanny,  because  the 
entering  air  has  to  pass  through  two  gauzes,  and  the  escaping  air 
has  to  pass  up  a  chimney  full  of  burnt  air,  which  cannot  support 
combustion,  and  then  through  the  outer  gauze ;  and  also,  if  the 
lamp  is  held  on  one  side,  the  flame,  instead  of  cracking  the 
glass,  will  go  out.  The  lamp  will  go  out  if  held  in  inflammable 
gas.  The  Mueseler  lamp  must  always  be  carried  by  the  ring  at 
the  top,  and  suspended  in  a  vertical  position.  This  lamp  is 
unsafe  in  an  explosive  current  of  15  feet  a  second. 

Marsaut  Lamp. — The  Marsaut  lamp,  the  invention  of  a 
well-known  French  mining  engineer,  only  differs  from  a  Clanny 
in  having  two  gauzes  (see  Fig.  355)  or  three  gauzes,  each  gauze 
tending  to  increase  the  safety  of  the  lamp.  On  the  other  hand, 
the  multiplication  of  gauzes  interferes  with  the  supply  of  fresh 
air  to  the  flame.  M.  Marsaut  was  also  the  first,  or  one  of  the 
first,  to  make  a  shielded  lamp. 

Shielded  Lamps. — Owing  to  the  discovery  that  the  Davy  and 


Fig.  354. — Mueseler  lamp. 
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other  lamps  were  not  safe  in  a  rapid  explosive  current,  it  has  been 
rendered  obligatory  by  law  to  use  a  lamp  which  will  resist  a  rapid 
current  of  explosive  mixture  without  allowing  the  flame  to  pass. 
In  the  case  of  the  Davy 
lamp,  this  has  been 
achieved  by  placing  it 
in  a  tin  can  (see  Fig. 
356).  In  the  bottom  of 
the  can  are  perforations 
for  the  admission  of 
air ;  in  front  is  a  piece 
of  glass ;  the  top  is 
open,  with  a  handle.  A 
screw-lock  keeps  the 
lamp  in  its  place.  The 
Clanny,  Mueseler,  and 
Marsaut  are  shielded 
by  an  iron  (tinned  iron) 
covering,  sometimes 
called  a  "  shield,"  and 
sometimes  a  "bonnet" 
(see  Figs.  357,  358). 
This  protects  the  gauzes 
from  the  air-current. 
Well-made  Mueseler  or  Marsaut  lamps  with  this  shield  will  resist 
a  current  of  30  feet  a  second.  The  shield  is  sometimes  per- 
manently fixed  on  the  lamp.  The  objection  to  this  is  that  the 
miner  or  deputy  who  examines  the  lamp  in  the  pit  cannot  see 
if  the  gauze  is  in  its  place  or.  not.  To  meet  this  difficulty  the 
cover  is  sometimes  made  movable  so  that  it  can  be  removed 
at  will  in  order  to  inspect  the  gauze.  In  other  cases  the  cover 
is  put  on  after  inspection  of  the  gauze,  and  is  then  locked. 
Fig.  359  shows  a  shield  of  corrugated  metal,  which  has  a  spring 
lock.  After  inspection  by  the  collier  and  deputy,  the  cover  is 
placed  over  the  lamp  and  cannot  be  withdrawn  unless  the  lamp 
is  unlocked  and  taken  to  pieces,  and  then,  by  means  of  a  round 
wooden  ram  (Fig.  360),  the  spring  is  pushed  back  so  that  the 
cover  can  be  removed.  Many  ingenious  inventions  have  been 
made  to  increase  the  safety  of  lamps  when  exposed  to  rapid 
currents. 

Evan-Thomas  Lamp. — The  Evan-Thomas  is  similar  to  a 
shielded  Clanny,  but  the  brass  ring  covering  the  glass  is  carried 
up  some  distance  outside  the  gauze,  and  has  a  flange  at  the  top. 
This  lamp  will  resist  a  very  great  velocity ;  the  only  objection  to 
it  is  that  the  flame  is  rather  dull. 


Fig.  355. — Marsaut 
lamp. 


Fig.  356. — Tin-can  Davy. 


280 


MINING. 


Morgan  Lamp. — The  Morgan  lamp  (see  Figs.  361,  362) 
has  a  metal  chimney  to  improve  the  draught,  and  the  flame  gives 


Fig.  357. — Section  of  Patent 
'  *  Protector  "  Mueseler  with 
shield. 


Fig.  358. — Shielded  lamp 
(Marsaut) :  elevation. 


Fig-  359.  —  Marsaut  with 
patent  bonnet,  i,  steel 
spring  holding  projec- 
tion 2  ;  2,  projections  on 
corrugated  bonnet,  held 
in  position  by  spring ;  3, 
slot  into  which  spring  is 
pushed  to  allow  bonnet 
to  be  taken  off;  4,  cor- 
rugated bonnet. 


a  good  light.  The  inlet  air  enters  through  three  gauzes,  and  the 
outlet  air  passes  up  the  chimney  and  through  two  gauzes.  There 
is  a  double  iron  shield,  so  that  the  air  cannot 
blow  straight  through  the  orifice  against  the  gauze, 
but  is  deflected  in  its  passage.  This  lamp  suc- 
cessfully resisted  tests  up  to  a  velocity  of  53  feet 
a  second,  and  is  sufficiently  safe  for  every  practical 
purpose. 

Clifford  Lamp.— The  Clifford  lamp  (Fig. 
362a)  has  a  metal  chimney  terminating  with  a  glass 
bell  over  the  flame ;  it  also  has  a  double  shield, 
the  air-current  being  so  deflected  in  passing 
through  as  to  produce  an  equal  pressure  all  round 
the  lamp.  The  air  passes  through  a  perforated 
compound  plate  of  copper  and  fusible  metal,  made 
so  that  if  the  lamp  gets  hot,  the  melting  of  the  fusible  metal 
should  close  up  the  air-holes.     This  lamp  has  successfully  resisted 


Fig.  360. — Ram  to 
open  lamp. 
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every  effort  to  explode  it  up  to  a  velocity  of  more  than  100  feet  a 
second. 

Protector  Lamp  (see  Fig.  357).— This  is  a  spirit-lamp 
burning  a  mineral  spirit  called  colzalene,  similar  to  benzoline. 
The  oil-pot  contains  a  sponge  which  absorbs  the  spirit,  the  loose 


Fig.  361. — Morgan 
lamp. 


Fig.   362. — Morgan 
lamp :  section. 


Fig.  362a — Clifford 
lamp. 


liquid  being  poured  back  into  the  reservoir.  The  wick  of  cotton- 
wool or  asbestos  does  not  burn.  The  protector  construction  of 
lamp  is  applied  to  the  Davy,  Clanny,  Stephenson,  Mueseler,  and 
Marsaut  lamps.  The  lamp  is  so  constructed  that  it  cannot  be 
opened  without  being  extinguished.  To  effect  this,  the  wick-tube 
is  surrounded  with  a  brass  tube,  which  is  screwed  into  a  brass 
plate  which  covers  the  bottom  of  the  lamp  below  the  glass.  The 
oil-pot  has  a  long  wick-tube  screwed  inside  the  extinguisher  tube. 
When  the  lamp  has  been  lighted,  a  bolt  F  is  pressed  in ;  the  fork 
at  the  end  of  it  clasps  the  extinguisher  tube  and  prevents  it  from 
turning;  a  spring  on  the  bolt  prevents  its  withdrawal  until  the 
lamp  has  been  opened.  The  oil-pot  can  only  be  withdrawn  by 
unscrewing.  The  wick-tube  is  in  that  way  drawn  down  within 
the  extinguisher  tube,  and  the  flame  put  out.  The  height  of  the 
flame  can  be  regulated  by  unscrewing  the  oil-pot  for  a  little 
way.  Another  lock  prevents  the  lamp  from  being  opened ;  this 
second  lock  is  one  of  the  usual  kind,  and  is  adopted  as  a  second 
precaution. 
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Evan-Evans. — This  is  an  automatic-extinguisher  lamp;  if 
the  lamp  should  get  hot,  a  solder  joint  is  melted,  and  a  spring 
forces  down  a  metal  cap  which  closes  both  the  inlet  and  outlet 
for  air  in  the  bonnet,  and  so  extinguishes  the  flame. 

Wolffs. — This  lamp  (see  Fig.  363)  can  be  lighted  without 
opening  ;  it  contains  a  reel  of  tape  on  which  explosive  composition 
is  placed  at  intervals  of  about  a  quarter  of  an  inch.  There  is  a 
spring  hammer  A,  operated  by  the  button  B,  which  strikes  the 
explosive  composition,  the  flash  from  which  lights  the  lamp.  The 
lamp  is  a  spirit-lamp,  otherwise  it  would  not  light  by  the  flash.  The 
height  of  the  flame  is  regulated  by  the  screw  S,  by  which  the  wick- 
pipe  is  raised  or  lowered.  This  invention  is  ingenious,  but  it  may 
be  doubted  whether  it  is  quite  safe  to  use  it  in  a  fiery  mine  ;  because, 
if  the  lamp  was  extinguished,  and  subsequently  filled  with  an 
explosive  mixture,  the  sudden  flash  of  relight- 
ing, and  the  consequent  explosion  of  gas, 
might  force  the  flame  through  the  gauze. 
Attached  to  Wolff's  lamp  is  a  magnetic  spring 
—.  lock.     By  means  of  a 

''-'''  spring     a     ratchet     is 

pressed  against  teeth  on 
the  oil-pot,  which  pre- 
vents it  from  being  un- 
screwed. The  applica- 
tion of  a  powerful 
magnet,  however,  will 
withdraw  the  ratchet, 
and  permit  of  the  open- 
ing of  the  lamp. 

Craig  and  Bid- 
ders. —  This  lamp  was 
fastened  with  a  spring 
lock,  to  be  opened  by 
means  of  a  powerful 
magnet. 

Deflector.  — 


Fig.  363.— Wolff  detonat 
ing  lamp. 


Fig  364 — Howat  deflector. 


Amongst  the  numerous 
lamps  recently  designed  to  meet  the  requirements  of  the  Mines 
Regulation  Act,  1887,  is  the  deflector  (Fig.  364).  In  this  lamp 
there  are  two  gauzes,  as  in  the  Marsaut.  The  lower  part  of  the 
gauze  caps  is  surrounded  with  a  brass  ring,  near  the  top  of  which 
are  holes,  through  which  air  can  enter  the  lamp.  Above  these 
holes  a  flange  projects  outwards  towards  the  shield.  The  air- 
current  enters  through  vertical  holes  in  the  brass  ring  covering 
the  glass,  as  shown  in  the  figure,  is  then  deflected  downwards  by 
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the  flange  above  named,  through  the  gauze  on  to  the  flame.  The 
products  of  combustion  escape  through  the  upper  part  of  the 
gauze,  and  through  openings  near  the  top  of  the  shield. 

A.  H.  G.  Lamp.— Another  lamp  that  is  used  to  a  consider- 
able extent  by  deputies,  or  fire-triers,  is  the  Ashworth-Hepplewhite- 
Gray  (Fig.  365).     This  lamp  has  a  conical  glass  surrounding  the 
flame,  the   air  supplying  which  is  introduced  through  a  gauze 
below  the  glass,  the  pro- 
ducts  of  combustion   es- 
caping   through    a  gauze 
cap  and  metal  chimney  or 
shield    above    the    glass. 
Four  brass   tubes  extend 
from  near  the.  top  of  the 
lamp   down  to  the   brass 
ring  below  the  glass,  so 
that  the  air  to   feed  the 
lamp    is    drawn   from    a 
stratum   on   a   level  with 
the  lamp-top.      So  if  this 
upper    stratum     contains 
gas,  it  will  be  detected  by 
this    lamp.      There    are, 
however,  near  the  base  of 
the  tubes,  openings  closed 
by  sliding  shutters,  so  that 
the  lamp   can   derive   its 
supply  of  air  from  a  lower 
stratum.     The  intention  of  the  inventors  is  that  the  fire-triers 
shall  first  test  the  lower  stratum  of  air,  and,  if  that  is  clear,  close 
the  openings  in  the  tubes,  so  as  to 
suck  air  down  from  the  top.     They 
also   recommend'  that   the    test    be 
made   without  reducing    the    flame. 
The   latest    form    of   this    lamp,   as 
made  by  Mr.  Ashworth,  is  shown  in 
Fig.  365a.    Here  there  is  a  shield,  so 
that  it  can   be   carried   in   a   rapid 
current  of  air. 

Many  safety-lamps  are  now  made 
to  burn  paraffin  instead  of  rape  oil ; 
the  burner  has  to  be  modified  for 
this  purpose,  as  shown  in  Fig.  366, 
which  is  a  drawing  of  the  lamp  used  at  the  West  Riding  Colliery. 

Thorneburry. — Owing  to  the  small  amount  of  light  given 


Fig.  365.—  Ashworth- 
Hepplewhite-Gray 
deputy  safety- 
lamp. 


Fig.  365a. — Ditto, 
shielded. 


Fig.  366 — West  Riding  paraffin-lamp, 
x,  brass  collar  screwing  down  on  to 
plate  4 ;  2,  wick-tube  with  circular 
plate ;  3,  packing  between  circular 
plate  and  oil-well ;  4,  circular  plate 
on  wick-tube  held  down  by  collar; 
5,  pricker. 
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by  safety-lamps,  a  lamp  has  been  made  called  the  "  Thorneburry 
lamp  "  (see  Fig.  367),1  which  burns  paraffin.  It  has  a  flat  wick, 
giving  a  larger  flame  than  the  ordinary  lamp. 
There  is  a  double  glass,  and  down  the  inter- 
mediate space  the  inlet  air  descends  to  a  hol- 
low ring,  whence  it  passes  through  wire  gauze 
on  to  the  lamp-flame;  a  metal  chimney  secures 
a  good  draught,  and  there  is  a  metal  shield. 
The  entering  air  has  to  pass  through  three 
gauzes,  B,  A,  and  the  horizontal  gauze  round 
the  base  of  the  chimney,  and  the  escaping 
products  of  combustion  through  a  long 
chimney  and  the  gauze  cover  A. 

It  would  require  a  volume  of  consider- 
"B  able  dimensions  to  describe  all  the  lamps 
that  have  been  made,  and  many  of  great  ex- 
cellence are  perforce  omitted  from  this  list. 
Uses  of  the  Safety-lamp. — One  use 
of  the  safety-lamp  is  to  permit  workmen  to 
enter  a  place  containing  explosive  gases 
without  getting  burnt.  Another  use  is  to 
permit  workmen  to  remain  in  a  mine  liable 
to  sudden  outbursts  or  blowers  of  gas  with- 
out danger  of  explosion.  A  third  use  is  to 
enable  the  fireman  to  ascertain  that  the 
mine  is  free  from  gas  without  risk  to  himself. 
Before  the  safety-lamp  was  made,  the  pre- 
sence of  gas  was  frequently  ascertained  by  means  of  a  candle,  the 
flame  of  which  perceptibly  enlarges  in  gas.  A  very  small  per- 
centage of  fire-damp  can  be  detected  with  a  candle  ;  but,  unfor- 
tunately, the  use  of  the  candle  is  attended  with  great  risk.  When  an 
ordinary  safety-lamp  with  full  flame  is  placed  in  air  containing  fire- 
damp, there  is  an  elongation  of  the  flame,  and,  if  there  is  a  con- 
siderable quantity,  the  lamp  will  be  filled  with  the  blue  flame  of 
burning  gas.  In  testing  for  gas  the  lamp  is  generally  raised,  because 
the  gas  lodges  in  the  higher  parts  of  the  mine,  and  in  cavities  which 
are  not  exposed  to  the  air-current.  For  a  minute  examination, 
the  flame  of  the  lamp  is  drawn  down  until  the  yellow  part  of  the 
flame  is  no  bigger  than  a  pin's  head.  If  there  is  2  per  cent,  of 
fire-damp  in  the  atmosphere,  a  small  blue  cap  may  be  observed. 
In  drawing  down  the  flame  of  an  oil-lamp  for  such  an  observation, 
it  is  very  likely  to  be  extinguished.  The  spirit-lamp  is  more 
convenient  for  this  purpose.    By  means  of  a  screw,  the  flame  can 

1  Instead  of  the  burner  shown  in  the  figure,  a  vase-shaped  porcelain  burner 
(Barton's  patent)  is  now  generally  used  with  this  lamp. 


Fig.  367. — Thorneburry 
lamp. 
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be  reduced  till  there  is  nothing  but  a  small  blue  flame  about 
I  inch  high ;  1  per  cent  of  fire-damp  will  be  rendered  visible  in 
the  shape  of  a  very  faint  blue  cap.     Mr.  Wm.  Galloway,  mining 
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of  air  to  lofHrcdamp. 

Fig.  368. — Blue  cap  on  Davy  lamp  observed  by  W.  Galloway  in  South  Wales  for  eight 
mixtures  of  natural  fire-damp  and  air.  Lamp  flame  (reduced)  shaded  ;  blue  oap 
unshaded  ;  height  of  cap  given  in  inches. 

engineer,  of  Cardiff,  made  experiments  as  to  the  proportion  of 
air  that  could  be  discovered  with  an  ordinary  safety-lamp  (see 
Fig.  368).  The  height  of  blue  cap  is  marked 
in  inches. 

Pieler  Lamp. — This  is  a  German  lamp 
(see  Fig.  369),  burning  a  non-luminous  spirit, 
such  as  spirits  of  wine  ;  there  is  a  shield,  a, 
which  also  protects  the  eye  of  the  observer. 
When  this  lamp  is  put  in  a  mixture  of  fire- 
damp and  air,  a  very  small  percentage  pro- 
duces a  blue  cap  ;  \  per  cent,  can  be  detected 
with  this  lamp. 

Clowes  Hydrogen  Lamp. — This  lamp, 
described  in  Chapter  IX.  (see  Fig.  334),  is 
specially  constructed  for  the  detection  of 
small  percentages  of  gas ;  \  per  cent,  can  be 
clearly  detected. 

Lamp-room. — Whilst  it  is  essential  to 
have  a  lamp  of  a  good  pattern,  it  is  no 
less  important  that  it  should  be  taken  good 
care  of.  For  this  purpose,  it  is  necessary  to 
have  a  good  lamp-room,  and  a  sufficient 
staff,  in  the  lamp-room,  of  experienced  and 
responsible  work-people,  so  that  none  of  the  parts  may  be 
improperly  put  together  or  omitted.     With  some  of  the  shielded 


Fig.  369.- -Pieler  lamp. 
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lamps  now  in  use,  it  is  quite  easy  for  the  lamp-cleaner  to  omit 
the  gauze,  which  is  essential  to  the  safety  of  the  lamps  ;  and 
neither  the  workman  who  takes  the  lamp,  nor  the  deputy  who 
examines  it,  can  very  easily  see  the  deficiency.  This  makes  the 
examination  by  a  deputy  a  mere  farce,  and  it  is  obviously  wrong 
that  that  should  be  the  case.  To  avoid  this,  it  is  necessary,  where 
such  lamps  are  used,  that  the  lamp  should  be  given  to  the  collier 
without  the  shield,  which  should  be  put  on  in  his  presence,  and 
also  in  that  of  a  deputy  or  an  examiner  especially  appointed  to 
see  that  the  lamp  is  safe.  This  precaution  involves  more  expense 
in  giving  out  the  lamps  than  has  hitherto  always  been  considered 
necessary,  but  it  is  a  natural  result  of  the  use  of  shielded  lamps. 
In  order  that  too  much  time  may  not  be  consumed  in  giving  out 
the  lamps  at  a  large  colliery,  it  will  be  necessary  to  have  a  number 
of  windows  at  which  the  workmen  can  take  the  lamps,  and  a 
number  of  lamp-men  to  distribute  the  lamps.  Fig.  371  shows  a 
design  by  the  author  for  achieving  this  result. 

Arc  Electric  Light. — This  species  of  electric  lamp  gives  far 
more  light  for  a  given  expenditure  of  power  than  the  incandescent 


Fig.  370. — Swan  portable 
electric  lamp. 


Fig.  371 — Plan  of  lamp-room.  A,  revolving  tables  on 
which  lamps  to  be  given  out  are  placed  ;  C,  workmen's 
entrances ;  X,  small  tables  on  which  lamps  are  put 
together  and  handed  to  the  men. 


lamp  ;  it  is,  however,  not  a  safety-lamp  at  all.  It  is  largely  used 
on  the  surface  for  lighting  up  railway  sidings  and  other  works; 
it  is  also  sometimes  used  for  lighting  up  large  excavations  in  the 
pit.  The  author,  in  1883,  visited  the  Mechernich  Lead-mine, 
where  a  large  underground  excavation,  200  feet  long,  60  feet  high, 
and  70  feet  wide,  was  lighted  by  two  electric  arc-lamps,  which 
gave  a  splendid  illumination,  and  enabled  the  workmen  to  examine 
the  sides  and  roof  for  loose  pieces. 

Electric  Lamps. — Many  portable  electric  lamps  have  been 
made ;  one  by  Swan  (see  Fig.  370).  The  electricity  is  supplied  from 
a  secondary  battery,  and  the  lamp  will  burn  all  day,  giving  a  light  " 
of  about  half  a  candle ;  it  weighs  about  6  pounds.  None  of  the 
numerous  varieties  of  portable  electric  safety-lamps  are  yet  in 
general  use.  There  are,  however,  a  great  many  fixed  incandescent 
lamps  used  underground.  These  lamps  are  essentially  safety- 
lamps,  as  the  air  is  entirely  excluded  unless  the  lamp  should  be 
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broken.  If  the  lamp  were  broken  in  an  explosive  mixture  it 
would  cause  an  explosion,  but  this  is  an  improbable  contingency. 
These  lamps  are  now  used  to  a  considerable  extent  for  lighting 
the  pit  porches,  underground  engine-houses,  and,  in  some  cases, 
engine-planes  for  long  distances  underground.  The  only  practical 
danger  in  their  use  arises,  not  from  the  lamp,  but  from  the  con- 
ductors which  convey  the  current;  should  these  be  too  near  each 
other,  the  current  might  pass  between  them  and  set  fire  to  the 
timber;  or  should  there  be  an  explosive  mixture,  and  the  wire 
was  severed,  there  would  be  a  spark  at  the  moment  of  severance, 
which  would  cause  an  explosion.  These  dangers  may  be  reduced 
to  a  minimum  by  covering  the  conductors  thickly  with  insulating 
material,  and  placing  the  positive  and  negative  conductors  at 
opposite  sides  of  the  road  whenever  practicable.  Where  the 
lamps  are  placed  "  in  parallel,"  only  a  low  voltage  can  be  used, 
say  100  volts,  and  there  is  not  much  danger  of  the  insulation 
being  destroyed.  If,  however,  the  lamps  are  placed  "  in  series," 
then  a  very  high  voltage  may  be  employed,  with  a  proportionate 
increase  of  risks. 

Light. — The  value  of  a  safety-lamp  depends  to  a  great  extent 
on  the  amount .  of  light  it  will  give,  because  a  good  light  con- 
duces to  the  safety,  comfort,  and  earning  power  of  the  workmen. 
Dr.  Court,  of  Staveley,  has  found  that  miners  using  safety-lamps 
suffer  from  a  disease  of  the  eyes  called  nystagmus,  whereas  those 
using  candles  do  not  suffer  from  it.  The  writer  has  made  a 
number  of  observations  to  ascertain  the  amount  of  light  given  by 
various  lamps.  It  must,  however,  be  borne  in  mind  that  the 
light  of  a  lamp  varies  greatly  with  the  nature  of  the  oil  used,  and 
the  state  of  the  wick,  the  cleanness  of  the  glass  and  gauze,  and 
the  height  of  the  flame.  The  illumination  given  by  a  candle  is, 
from  a  collier's  point  of  view,  very  satisfactory.  There  is  seldom 
a  strong  current  in  the  working  place,  so  that  the  candle  does  not 
unduly  sweal.  The  light  given  by  a  safety-lamp  is  only  on  a  certain 
plane,  a  shade  being  thrown  by  the  top  and  bottom,  and  pillars 
supporting  the  top  ;  so  that  a  lamp  which,  according  to  a  photo- 
metric measurement  made  opposite  the  flame,  gives  a  light  equal 
to  one-third  of  a  candle,  may  in  practical  use  only  give  the  light 
of  one-tenth  of  a  candle,  and  it  is  probable  that  in  many  cases 
the  light  of  a  good  candle  is  equal  to  thirty  Davy  lamps  in  ordinary 
condition  with  ordinary  oil. 

Swan's  portable  electric  lamp  gives  a  better  all-round  light 
than  an  oil-lamp,  and  is  equal  to  about  one-third  of  a  candle  on 
that  side  of  the  lamp  where  the  light  is  fixed. 

The  following  table  shows  the  results  of  a  number  of  photo- 
metric tests  made  by  the  author  with  safety-lamps  : — 
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Table   XII. 

Light  of  safety-lamps  compared  with  that  of  a  candle. 


Name  of  safety-lamp. 

Number     of     lamps 
required    to  equal 
one  standard  sperm 
candle,   the  illumi- 
nated object  being 
on  a  level  with  the 
flame. 

Number  of  lamps  re- 
quired to  equal  one 
standard  sperm  can' 
die,  allowing  for  the 
shade  cast  by  lamp- 
cover,  bottom,  and 
pillars.  The  candle 
and  the  lamp  being 
each  in  a  cylinder 
of  white    tracing- 
paper  2  ft;  high  and 
8  in.  diameter. 

Davy  lamp,  very  large  flame 
,,           moderate      ,, 

»»  '                »»            jj 
„           in  tin  can,  good  flame... 
,,                  ,,           flame  rather 
low   ... 
Protector,    shielded   Marsaut,    good 

flame 
Protector,   shielded   Marsaut,   flame 

average  height 
Clifford,  very  good  flame 
,,        moderate       „ 

Deflector,  large  flat     ,,        

,,         moderate  clear  flame 
,,         small  moderate     ,, 
Thorneburry,  good  flame 
Ashworth,  new  pattern 
Stephenson,  good  flame 
Tallow  candle,  good  average  flame... 
,,             large  blaze    ... 

7I 
18J13  average 

IS) 
9 

25 

3 

4i 
h% 
2J 

3 
5 
6 

i3 
3i 
74 
1^ 

4 

5 

19I 

27)26  average 
32] 

S 

S 
23 

The  following  table  gives  the  weights  of  various  lamps  with- 
out oil  or  wick  : — 

Table   XIII. 

Weight  of  safety-lamps  without  oil  or  wick. 
Name  of  lamp. 
Davy 
Pieler 
Stephenson 
Tin-can  Davy 

Shielded  Mueseler  with  reflector 
Howat 
Purdy's 
Morgan 
Clifford 
Protector 
Marsaut 

Clanny,  with  corrugated  shield 
Deflector 
Thorneburry  ... 
Swan  portable  electric,  charged  (not  made  now) 


lbs. 

ozs. 

I 

10 

I 

14 

2 

0 

2 

4 

2 

14* 

2 

IS 

3 

0 

3 

0 

3 

4 

3 

4 

3 

4* 

3 

5 

3 

7 

4 

2 

6 

0 
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CHAPTER  XII. 


BLASTING  :    WATER-CARTRIDGES,    FLAMELESS    EXPLOSIVES,    LIME, 
WEDGING,    ELECTRIC    FUSE,   ETC. 

One  of  the  most  useful  inventions  of  modern  time  is  gunpowder ; 
by  its  use  a  man  can  do  work  upon  stone  in  an  hour  which 
without  it  would  have  taken  him  a  whole  day  or  several  days.  The 
use  of  gunpowder  is  very  similar  to  the  use  of  steam-power ;  in 
each  case  it  is  the  combustion  of  some  inflammable  material  which 
produces  the  power,  and  so  relieves  the  workman  of  the  greater 
portion  of  the  mechanical  labour,  thus  making  his  employment 
more  intellectual.  Gunpowder  is  made  in  a  great  many  varieties, 
according  to  the  work  it  has  to  do.  For  the  purpose  of  the  miner, 
it  is  often  made  in  grains,  about  T]^  to  -fa  inch  in  diameter.  In 
this  form  the  explosion  is  less  rapid  than  in  the  case  of  smaller 
grains  used  for  rifles  and  fowling-pieces ;  but,  though  less  rapid, 
it  is  not  less  powerful  in  its  ultimate  effect.  The  reason  for  em- 
ploying an  explosive  less  rapid  than  rifle-powder  is  to  give  the 
rocks  subjected  to  its  action  a  little  time  in  which  to  yield. 
When  this  time  is  accorded,  the  effect  of  the  explosive  extends  to 
a  greater  distance  from  the  blasting-hole  than  would  be  the  case 
with  a  rapid  explosive. 

Fig.  372  shows  a  case  in  which  a  horizontal  hole  is  drilled  to 
a  depth  of  2  feet  6  inches,  and  charged  with  powder  ;  the  effect 


Fig.  372. — Horizontal  shot  at 
bottom  of  seam. 


Fig.  373. — Horizontal  shot  at 
top  of  seam. 


of  this  shot  is  carried  forward  from  the  end  of  the  blast-hole  to  a 
further  distance  of  5  feet.  Fig.  373  shows  a  hole  drilled  hori- 
zontally near  the  top  of  a  seam  of  coal,  to  a  depth  of  say  3  feet. 

u 
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The  coal  is  broken  off  further  in  than  the  back  of  the  hole  to  a 
distance  of  1  foot,  and  for  a  length  of  6  feet  on  each  side  of  the 
blast-hole.  Had  a  more  rapid  explosive  been  used,  it  is  probable 
that  the  amount  of  coal  got  down  would  have  been  much  less, 
whilst  that  coal  immediately  underneath  the  blast-hole  would 
have  been  shattered.  Fig.  374  shows  a  way  of  blasting  down  the 
roof  of  a  gate.  In  such  a  case,  the  effect  of  the  shot  will  be  to 
break  down  the  roof  for  the  whole  width  of  the  gate,  and  very 
likely  for  some  distance  beyond  the  end  of  the  hole. 

Gunpowder  is  now  frequently  used  compressed  in  cylindrical 
lumps  with  a  hole  in  the  middle  (see  Fig.  375) ;  the  diameter  of 
these  cylinders  being  such  as  to  go  easily  into  the  hole.  These  are 
much  liked,  as  there  is  no  risk  of  losing  any  powder,  or  trouble 
with  cartridge-cases,  as  the  compressed  powder  is  itself  a  cartridge. 
This  powder  can  be  made  to  explode  with  the  same  rapidity  as 


Fig.  375. — Compressed  powder. 
Fig.  374. — Shot  in  gate  road. 

ordinary  blasting-powder.  In  hard  ground  more  rapid  explosives 
are  necessary,  because,  in  the  case  of  ordinary  blasting-powder, 
the  gases  produced  by  the  explosion  might  escape  through  the 
fissures  in  the  rock  without  breaking  it ;  but  in  the  case  of 
dynamite,  the  explosion  is  too  rapid  to  permit  of  the  escape  of 
the  gases,  and  the  rock  is  burst  off.  It  is  also  possible  to  con-, 
centrate  a  much  greater  power  of  explosive  upon  a  hard  piece  of 
rock  by  using  dynamite ;  it  is  also  preferred  in  wet  ground. 
Dynamite  is  largely  used  in  metalliferous  mines,  owing  to  the  hard 
nature  of  the  rock.  One  of  the  advantages  of  its  use  is  the  saving 
in  labour,  because  only  a  small  hole,  say  1  inch  in  diameter,  is 
required,  as  against  a  hole  of  2  inches  in  diameter  for  gunpowder. 
There  are  a  variety  of  compounds,  somewhat  similar  to 
dynamite,  such  as  gelignite,  blasting-gelatine ;  and  other  ex- 
plosives, such  as  roburite,  carbonite,  ammonite,  securite,  bellite, 
tonite,  gun-cotton,  etc.  Dynamite  is  a  compound  of  nitro-glyce- 
rine  and  absorbent  siliceous  earth,  called  kieselguhr.  Nitro- 
glycerine, which  is  an  oil,  was  formerly  employed  by  itself;  but 
its  use  was  dangerous,  because  the  oil  was  liable  to  escape 
through  crevices  in  the  ground.  Mixing  it  with  kieselguhr 
makes  a  compound  rather  less  powerful  than  the  original,  owing 
to  the  weight  of  useless  material  added.     Blasting-gelatine  is  a 
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compound  of  nitro-glycerine  and  gun-cotton,  and  is  pernaps  the 
most  powerful  explosive  in  ordinary  use.  Whilst  the  use  of  gun- 
powder is  a  great  aid  to  the  miner,  its  use  is  attended  with  some 
danger  where  there  is  fire-damp  or  coal-dust ;  and  in  most  col- 
lieries both  fire-damp  and  coal-dust  are  to  be  found  in  the  work- 
ing-places. 

Hand-wedge. — To  avoid  this  danger,  many  substitutes  are 
employed.     The  most  common  substitute  for  gunpowder  in  coal- 
getting  is  an  iron  or  steel  wedge  (see  Fig.  376),      <-— — — -3 
which  is  used  in  the  following  manner.     A  hole   „       ,    w  , 

1  j  -ii  •  f  .   ,        riG.  370. — wedge. 

is  made  3  inches  deep  with  the  point  of  a  pick, 

the  point  of  the  wedge  is  inserted,  and  it  is  driven  in  with  a 

hammer ;  when  the  wedge  is  driven  in,  if  the  coal  is  not  broken 

down,  other  wedges  are  inserted  until  the  coal  is  broken  off. 

But  the  application   of  a  wedge  in  one  part  of  a  great   mass 

of  coal   is    apt  to    break    it   off  in  little  pieces;    in   order  to 

break    it    down    in    large 

pieces,  a  number  of  wedges 

should    be   arranged    in    a 

row    (see    Fig.    377),    the 

number   varying    from    six 

to  twenty,  according  to  the 

size    Of    the    Dieces    Of   COal    FlG'  377-— Breaking  down  coal  by  hand-wedges  in 
"  _      ,  .  a  row.     1,  wedges  driven  into  coal ;   2,  under- 

broken   off.      i/acn    miner      cutting. 
may  drive  in  two  or  three 

wedges,  striking  them  alternately,  so  as  to  have  an  equal  pressure 
on  each.  In  this  way  the  coal  is  broken  down  in  large  lumps. 
But,  in  order  that  a  short  wedge  of  this  description  may  be 
effective  in  getting  the  coal  in  large  pieces,  it  is  necessary  that 
the  coal  should  be  hard  or  tough ;  if,  on  the  other  hand,  the  coal 
is  tender,  the  wedge  will  only  break  off  small  pieces  near  to  it. 
To  overcome  this  difficulty,  an  arrangement  of  wedges  known  as 
the  "  plug-and-feather "  is  used.  An  improvement  called  the 
"multiple  wedge,"  patented  by  Mr.  Elliot,  is  shown  in  Fig.  378. 
For  the  use  of  this  wedge,  a  circular  hole  2  inches  in  diameter 
has  to  be  drilled  with  the  drilling-machine ;  two  tapered  pieces 
of  steel  are  put  into  the  hole  with  the  thick  end  first,  between 
these  two  long  wedges  are  driven,  and  then  a  third  wedge  be- 
tween the  other  two.  The  effect  of  this  is  to  bring  pressure 
on  to  the  back  of  the  hole,  and  to  break  down  the  tender  coal  in 
large  lumps. 

Hydraulic  Rams. — Hydraulic  machines  were  introduced 
five  and  twenty  years  ago  for  breaking  down  coal,  but,  after  being 
in  use  a  few  years  they  have  been  abandoned.  One  of  these  was 
designed  by  Mr.  Chubb.     He  bored  a  hole  5  inches  in  diameter, 
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placing  in  it  a  strong  steel  cylinder.  This  cylinder  was  perforated 
with  a  longitudinal  hole,  and  at  right  angles  to  the  axis  of  the 
cylinder  were  a  series  of  rams  about  2  inches  in  diameter ;  when 


MULTIPLE  WEDCE  AND  FEATHER 

Fig.  378. — Elliot's  multiple  wedge  and  feather. 

water  was  forced  into  the  central  cylinder  the  rams  came  out, 
and  by  their  pressure  broke  down  the  coal. 

Hydraulic  Wedge. — Mr.  Grafton  Jones  also  patented  several 
similar  machines  and  a  hydraulic  wedge.  This  wedge,  after  a 
good  deal  of  experimenting,  was  finally  made  in  the  form  shown 
in  Figs.  379-386.  The  drill-hole  varied  from  2f  to  4I  inches 
diameter,  according  to  the   size   of   the  wedge.      On  reference 

Fig.  379- 


380  38/  382    363 


Figs.  379-386. — Grafton  Jones  wedge. 


to  the  figure,  it  will  be  seen  that  the  wedge  is  forced  between 
two  inclined  blocks,  which  move — one  upwards,  and  the  other 
downwards — equally  throughout  their  whole  length  as  the  wedge 
is  forced  between  them.  The  blocks  cannot  recede  in  the 
direction  the  wedge  is  moved,  because  tension  bars  hold  a  steel 
stop  at  the  end  of  these  blocks,  so  that  they  are  forced  to  move 
up  and  down  at  right  angles  to  the  direction  of  the  movement 
of  the  wedge.  They  and  the  wedge  are  of  the  hardest  possible 
steel,  polished  and  greased  to  reduce  the  friction.  The  wedge 
is  forced  in  by  a  hydraulic  ram,  in  a  cylinder  with  an  area  of 
2  square  inches ;  that  ram  is  driven  forward  by  the  water  from 
a  smaller  ram,  the  area  of  which  is  i  square  inch.  This  smaller 
ram  is  forced  along  its  cylinder  by  means  of  a  screw ;  thus  the 
power  of  the  screw  is  multiplied  by  two,  the  difference  in  the 
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size  of  the  rams,  and  again  by  the  slope  of  the  wedge.  How 
much  power  was  absorbed  in  friction  was  never  ascertained. 
Had  there  been  no  loss  by  friction,  the  pressure  put  upon  these 
blocks  would  have  reached  150 
tons.  The  machine  was  ap- 
plied to  breaking  down  coal 
(see  Fig.  387)  that  was  exceed- 
ingly strong,  and  in  some  cases 
blocks  of  coal  which  had  not 
been  holed  were  forced  out  of 
the  solid  (see  Fig.  388).  An- 
other hydraulic  wedge  was 
patented  by  Messrs.  Bidder 
and  Jones,  and  was  for  some  time  used  at  the  Harecastle  Mines 
in  North  Staffordshire. 

These  hydraulic  machines  were,  some  of  them  at  any  rate, 
capable  of  breaking  down  any  coal;  but  they  were  not  largely 
used,  partly  on  account  of  the  first  cost,  partly  on  account  of  the 


Fig.  387.— Wedging-machine. 


Fig.  388. — Grafton  Jones  wedge  :  application. 

cost  of  the  labour  required  in  drilling  the  hole,  and  partly  on 
account  of  the  labour  required  in  pumping,  so  that  they  could 
neither  compete  with  gunpowder  nor  with  the  old-fashioned  hand- 
wedging.  If  steam-power  in  some  form  had  been  applied  to  the 
drilling  and  pumping,  they 
might  have  been  more  suc- 
cessful. 

Hand -drilling  Ma- 
chines.— Various  machine* 
were  used  for  drilling  the 
holes.  One  of  these,  de- 
signed by  the  writer  in 
1869,  is  shown  in  Fig.  389. 
The  drill  is  a  piece  of 
twisted  steel,  the  twist  clearing  the  hole  of  dust ;  it  is  fixed  on  to 
the  end  of  a  long  screw,  which  passes  through  a  nut  fixed  to  an 
upright  standard.  A  longitudinal  key-bed  was  planed  the  length  of 
the  screw.  Over  the  screw  was  put  a  small  bevel  wheel,  a  projecting 


Fig.  389.— Drilling-machine. 
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key  from  which  fitted  into  the  bed  on  the  screw,  so  that  when 
the  bevel  wheel  was  turned  the  screw  had  to  turn  with  it,  and 
therefore  it  advanced  through  the  nut.  Two  handles,  arranged 
so  that  two  workmen  could  work  at  once,  gave  movement  to  the 
bevel  gearing ;  sometimes  a  small  fly-wheel  was  used  to  help  on 
the  work.  With  this  machine  a  hole  could  be  bored  by  one  man 
in  soft  coal  on  the  "  bord "  with  hardly  any  conscious  effort,  and 
with  great  speed ;  but  when  boring  in  hard  coal  the  labour  was 
severe.  It  was  also  hard  to  bore  a  hole  on  the  "  end."  Since 
this  machine  has  been  made,  many  others  have  been  introduced. 
One  of  these,  known  as  the  "villepigue  perforator"  (see  Fig.  390), 
has  been  considerably  used.  It  is  not  so  suitable  for  the  coal 
face,  because  the  handle  for  turning  the  screw  is  at  the  end  of  the 


Fig.  392. 


fig- 39°-  f'g-391- 

Fig.  390. — Villepigue  perforator.     Fig.  391. — Ditto  nut.     Fig.  392. — Ditto  nut  and  breaks. 

screw,  and  it  frequently  happens  that  there  is  no  room  at  the  coal 
face  for  such  a  machine  to  work.  The  nut  in  which  the  screw 
advances  is  made,  as  shown  in  Figs.  391  and  392,  by  the  teeth  of 
two  of  the  wheels,  which  are  kept  from  turning  by  a  brake  strap 
on  a  wheel  (Fig.  392).  If  the  drill  encounters  a  hard  lump,  the 
wheels  forming  the  nut  will  turn,  so  that  the  advance  of  the  drill 
is  stopped  until  the  hard  lump  has  been  slowly  scraped  away, 
when  the  drill  will  again  advance  in  the  softer  ground.  This 
machine  will  readily  bore  holes  in  ordinary  coal-measure  shale, 
and  will  bore  a  hole  r  inch  in  diameter  in  exceedingly  hard  shale. 
Another  variety  of  hand-drilling  machines  is  shown  in  Fig.  393. 
In  this  machine  the  screw  advances  through  a  nut  which  is  held 
firm  by  an  iron  bar,  either  curved  or  straight,  one  end  of  which 
is  in  a  hole  in  the  coal. 

Lime  Process. — Another  plan  of  getting  down  the  coal  was 
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patented  about  eleven  or  twelve  years  ago  by  Messrs.  Smith  and 
Moore ;  this  is  known  as  the  lime  process  (see  Fig.  394).  When 
quicklime  is  mixed  with  water  it  rapidly  heats  and  swells,  and 
steam  is  given  off;   this  expansion  and  evolution  of  steam  was 


CREW 

-RATCHET 
Fig.  393. — Hand-drilling  machine. 


Fig.  394 — Lime  process  of  breaking  down  coal, 
i,  lime  ;  2,  tamping  ;  3,  water-tap  and  pipe. 


used  to  produce  the  pressure  required  to  break  down  coal  that 
had  been  holed  or  undercut.  The  hole  was  drilled  about  2f 
inches  in  diameter,  and  into  this  were  placed  cartridges  of 
compressed  lime.  The  lime  used  was  of  the  purest  kind ;  it  was 
ground  to  a  fine  powder,  and  then  compressed  by  means  of  a 
hydraulic  ram  into  cylinders  about  2^  inches  in  diameter  and 
4i  inches  long.  Seven  of  these  cartridges,  occupying  a  length  of 
2  feet  8  inches,  were  put  into  one  hole.  Each  cartridge  had  a  groove 
moulded  in  it ;  a  small  metal  tube  was  placed  in  the  hole  fitting 
into  this  groove.  The  lime  cartridges  were  then  stemmed  with 
clay  as  if  for  a  blast  of  gunpowder  ;  at  the  outer  end  of  the  tube 
was  a  tap.  About  half  a  dozen  holes  would  be  charged  simul- 
taneously at  a  distance  of  five  feet  apart,  and  then  by  means  of  a 
force-pump  a  little  water  would  be  forced  down  each  tube,  and 
the  tap  instantly  closed.  In  one  or  two  minutes  the  water  has 
taken  effect  upon  the  lime,  and  the  pressure  is  brought  upon  the 
coal.  This  process  was  tried  in  mines  in  most  districts  of  the 
country  and  abroad,  but  it  was  only  found  to  be  effective  where 
the  coal  was  easily  broken  down.  Miners  were  not  very  favourable 
to  its  use,  because  quicklime  is  injurious  to  the  skin,  and,  if  the 
tamping  should  be  blown  out,  a  man  might  be  injured  by  the 
escape  of  the  lime  and  steam  ;  and  it  was  difficult,  also,  to  keep 
the  lime  from  getting  mixed  with  the  coal.  These  causes,  together 
with  the  expense,  have  hindered  the  adoption  of  the  process. 

Air-shell. — Another  ingenious  process  is  the  air-shell.  For 
this  a  hole  is  drilled  in  the  coal,  and  into  it  is  pushed  a  cast-iron 
shell  n£  inches  long,  3^  inches  diameter  outside,  and  £  inch 
thick.  Attached  to  this  shell  is  a  strong  tube  which  comes 
outside  the  hole,  and  is  connected  with  a  pump.  The  hole  is 
closed  by  careful  tamping.  The  pump  is  capable  of  compressing 
air  up  to  a  pressure  of  10,000  lbs.  on  the  square  inch,  or  more, 
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until  the  cast-iron  shell  was  burst ;  the  bursting  of  this  shell  breaks 
down  the  coal.  In  order  to  avoid  the  labour  of  compressing  the 
air  with  the  hand-pump,  it  was  intended  to  compress  the  air  on 
the  surface  with  the  steam-engine  into  very  strong  steel  cases, 
which  would  then  be  carried  down  the  mine  and  connected  to  the 
shell ;  by  opening  the  taps  the  pressure  would  be  suddenly 
brought  into  the  shell  to  burst  it.  In  this  case  the  cost  of  the 
cast-iron  shell,  apart  from  the  other  expenses  of  the  process, 
would  probably  be  enough  to  prevent  its  adoption. 

Water  -  cartridges. — In  the  year  1882,  October  9,  Mr. 
McNab  read  a  paper  at  a  meeting  of  the  North  Stafford  Institute 
of  Mining  Engineers  on  "  A  Means  of  extinguishing  the  Flame  of 
a  Gunpowder  Blast,"  so  that  it  might  be  safely  used  in  a  coal-mine. 
Mr.  McNab's  method  was  to  place  the  cartridge  of  gunpowder 
inside  a  case  full  of  water,  and  he  suggested  that  the  water  extin- 
guished the  flame.  Further  experiment  however,  showed  that  this 
was  not  always  the  case.  Attention  being  called  to  the  subject,  it 
_  was    discovered    that    with 

•-  "" ;"-Wf.;:~ ^~         -■■;•■■=.-■  some  other  explosives  the 

water    did    extinguish    the 
> Bmsur  Ooai;        flame.     Cartridges  of  dyna- 

"s ,-<&fe\     rmte   or   tonite,   etc.,  were 

*  ^v*-s^-^,^.<^5:  "■-     placed  in  the  centre  of  a 

Fig.   5fl5.— Water-cased  cartridge,     i,   tamping;     Waterproof      bag     (see     Fig. 

bridge  SddSSlLrTt^i^  &£   395)  filled  with  water,  and 
firing;  5,  holing.  Up0n  explosion  the  force  of 

the  cartridge  was  found  to 
be  at  least  as  effective  as  if  there  had  been  no  water,  and  it  was 
thought  by  some  people  that  the  water  increased  the  useful  effect 
of  the  explosion,,  whilst  at  the  same  time  no  flame  could  be  ob- 
served. It  is  considered  that  a  high  explosive  used  in  a  water- 
cartridge  is  safe.  It  appeared,  however,  to  be  possible,  if  not 
probable,  that  the  water  might  escape  from  the  bag  before  the 
discharge  of  the  shot,  which  would  then  be  dangerous.  To  over- 
come this  difficulty,  Messrs.  Heath  and  Frost  invented  the  use  of 
a  soapy  jelly  which  could  not  run  out  of  the  bag,  and  which  was 
quite  as  effective  as  pure  water  in  stopping  the  flame.  Many 
other  means  of  stopping  the  flame  have  been  used ;  one  described 
by  Mr.  William  Hargreaves  in  a  paper  read  before  the  Midland 
Institute.  In  this  case,  a  material  (Trench's  compound)  com- 
posed of  sawdust  soaked  in  some  chemical  (aqueous)  fluid  was 
put  round  a  cartridge  of  tonite,  with  the  result  of  killing  the  flame. 
Flameless  Explosives.— Other  inventors  turned  their  atten- 
tion towards  the  discovery  of  a  flameless  explosive,  so  that  water- 
cartridges  and  other  flame-kitting  devices  should  be  unnecessary. 
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One  of  these,  called  roburite,  has  been  very  largely  adopted,  and 
is  now  manufactured  on  a  large  scale  in  Lancashire.  A  great 
number  of  experiments  have  been  made,  showing  that  it  could  be 
discharged  into  an  explosive  mixture  of  fire-damp  or  coal-dust,  or 
both  combined,  without  inflaming  them,  and  that  when  fired  in  a 
pit  no  flame  could  be  observed.  By  others  it  is,  however,  alleged 
that  flame  has  been  observed.  However  this  may  be,  there  is  no 
doubt  that  the  amount  of  flame  is  very  much  less  than  in  the  case 
of  the  admittedly  flame-producing  explosives,  and  it  is  considered 
safe  to  use  this  explosive  where  gunpowder  would  be  dangerous. 
Various  other  flameless  explosives  have  been  made  :  carbonite, 
ammonite,  and  others,  the  use  of  which  is  now  permitted  where 
gunpowder  would  be  forbidden.  Some  of  these  explosives 
require  careful  handling.  For  instance,  roburite  is  poisonous, 
and,  if  handled,  should  not  be  allowed  to  come  into  contact  with 
the  skin ;  the  fumes  are  also  injurious,  and  the  workmen  should 
not  return  to  the  place  after  a  shot  until  the  ventilation  has  had 
time  to  clear  them  away. 

The  rules  to  be  observed  in  blasting,  in  order  to  keep  within 
the  provisions  of  the  Mines  Regulation  Act,  1887,  must  be  taken 
from  the  general  rules,  but  the  following  is  a  summary  of  some  of 
the  principal  provisions  :— 

The  scraper  and  rammer  must  be  of  brass  or  copper,  or  must 
at  least  have  a  brass  or  copper  end. 

The  pricker  (if  used)  must  also  be  of  brass  or  copper. 

No  coal-dust  must  be  used  in  ramming  the  shot,  but  such 
materials  as  clay  and  shale. 

The  explosive  must  not  be  forcibly  pressed  into  a  hole  of 
insufficient  size;  and  when  the  hole  has  been  charged,  the  explosive 
must  not  be  unrammed ;  and  no  hole  should  be  bored  for  a  charge 
at  a  distance  of  less  than  6  inches  from  any  hole  where  the  charge 
has  missed  fire. 

An  explosive  should  not  be  stored  in  the  mine,  and  it  must  not 
be  taken  into  the  mine  except  in  cartridges  in  a  secure  case  or 
canister,  and  containing  not  more  than  5  lbs.,  and  a  workman 
must  not  have  more  than  one  of  such  cases  or  canisters  in  one 
place  at  the  same  time. 

In  any  place  where  the  use  of  locked  safety-lamps  is  for  the 
time  being  required,  or  which  is  dry  and  dusty,  no  shot  should  be 
fired  except  by  a  competent  person  specially  appointed  for  the 
purpose,  who  must  examine  the  place  and  all  contiguous  accessible 
places  within  a  radius  of  20  yards  before  firing  the  shot. 

In  cases  where,  at  either  of  the  four  inspections  last  recorded, 
inflammable  gas  has  been  found  in  the  same  ventilating  district, 
then  the  shot  must  not  be  fired  unless  the  place  where  the  gas 
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was  found  has  been  cleared  of  gas,  and  there  is  not  sufficient  to 
be  a  source  of  danger ;  or  unless  the  explosive  employed  in  firing 
the  shot  is  so  used  with  water,  or  other  contrivance,  as  to  prevent 
it  from  inflaming  gas,  or  is  of  such  a  nature  that  it  cannot  inflame 
gas. 

If  the  place  where  the  shot  is  to  be  fired  is  dry  and  dusty, 
then  the  shot  should  not  be  fired,  unless  the  place  of  firing  and  all 
contiguous  accessible  places  within  a  radius  of  20  yards  from  it 
are,  at  the  time  of  firing,  in  a  wet  state,  or  have  had  a  thorough 
watering  in  all  parts  where  dust  is  lodging,  whether  roof,  floor,  or 
sides  ;  or,  in  places  where  watering  would  injure  the  roof  or  floor, 
unless  the  explosive  is  so  used  with  water  or  other  contrivance  as 
to  prevent  it  from  inflaming  the  gas  or  dust,  or  is  of  such  a  nature 
that  it  cannot  inflame  gas  or  dust ;  but  if  the  dry  and  dusty  place 
is  part  of  a  main  haulage  road,  or  is  contiguous  thereto,  and 
showing  dust  adhering  to  the  roof  and  sides,  unless  the  place  shall 
have  been  not  only  watered,  but  a  flameless  explosive  used ;  or 
where  either  the  water  has  been  used,  or  the  water-cartridge  and 
flameless  explosive  only,  and  all  the  workmen  have  been  removed 
from  the  seam  in  which  the  shot  is  to  be  fired,  and  from  all  seams 
communicating  with  the  shaft  on  the  same  level  except  the  men 
engaged  in  firing  the  shot,  and  such  other  persons,  not  exceeding 
ten,  as  are  necessarily  employed  in  attending  to  the  ventilating 
furnaces,  engines,  machinery,  winding  apoaratus,  signals,  or  horses, 
or  in  inspecting  the  mine. 
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CHAPTER   XIII. 

POWER   DRILLS   AND    HEADING   MACHINERY. 

All  underground  works,  whether  sinking,  driving  levels,  tunnels, 
or  excavating  masses  of  rock  or  ore,  where  the  rock  or  mineral 
is  very  hard,  require  the  use  of  power  drills  for  economical  work. 
The  necessity  for  such  drills  was  forced  upon  the  engineers  of  the 
Mont  Cenis  tunnel  five  and  thirty  years  ago.  Before  these  were 
adopted,  the  progress  of  the  tunnel  was  very  slow ;  with  the  use 
of  these  machines,  the  speed  of  from  8  feet  to  13  feet  in  twenty-four 
hours  was  attained.  For  this  work  Sommeiller's  drill  was  used ;  this 
was  a  large  and  heavy  machine,  not  often  seen  nowadays.  Since 
that  time  a  great  number  of  excellent  machines  have  been  made, 
of  which  one  or  two  specimens  are  here  described ;  but  at  the  same 
time,  it  must  not  be  supposed  that  the  prominence  given  to  these 
machines  indicates  that  they  are  any  better  than  the  others  not 
mentioned.  One  of  these,  called  the  climax  drill  (see  Figs.  172, 
173),  has  a  cylinder  say  from  3  inches  to  4  inches  in  diameter, 
stroke  of  the  piston  about  4  inches ;  a  tappet  on  the  piston-rod 
gives  movement  to  an  oscillating  slide-valve ;  there  is  no  cushion 
of  air  to  prevent  the  drill  from  striking  with  full  force.     Fig.  396 


Fig.  396. — Rio  Tinto  power  drill. 

shows  the  Rio  Tinto  drill ;  a  tappet  on  the  piston-rod  gives  move- 
ment to  a  piston  slide-valve  by  means  of  an  oscillating  forked  lever. 
The  Darlington  drill  (see  Fig.  397)  has  no  valves;  the  piston  is 
very  heavy,  and  as  it  moves,  opens  and  covers  the  ports.  The 
Minera  drill  also  has  no  valves,  and  has  a  double  piston.  These 
valveless  drills  work  very  quickly  and  safely ;  the  piston  is  cushioned 
at  each  end  of  the  stroke,  and  therefore  there  is  a  tendency  to 
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strike  a  gentler  blow  than  in  the  case  of  drills  which  have  valves 
and  not  so  much  cushioning  for  the  piston.  In  all  these  machines 
the  feed  is  by  hand ;  that  is  to  say,  the  miner  turns  fhe  screw  which 
causes  the  machine  to  advance  along  the  slide,  which  is  carried 
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Fig.  397. — Darlington  drill :  section  of  cylinder. 

on  a  tripod  stand  or  fixed  bar.  The  number  of  blows  struck  is 
say  from  400  to  600  a  minute ;  the  dirt  is  cleared  from  the 
holes  by  a  jet  of  water  and  the  movement  of  the  drill-rod;  holes 
may  be  bored  to  a  great  depth  by  changing  the  drill-bar.  The 
machines  above  named  are  not  intended  to  bore  holes  much  more 
than  6  feet  in  depth,  and  from  1  inch  to  2^  inches  in  diameter. 
When  the  machine  is  fixed,  the  boring  may  be  done  at  a  speed 
of  from  2  inches  a  minute  up  to  9  or  10  inches  a  minute  in  granite. 
To  bore  a  hole  3  feet  deep  in  fifteen  minutes,  including  changing 
the  drill-bar,  would  be  good  work  for  ordinary  practice  ;  it  would 
very  likely  take  two  hours  for  three  men  to  bore  the  same  hole 
by  hand. 

The  drills  are  driven  by  compressed  air  at  a  pressure  varying 
from  30  to  60  lbs.  per  square  inch.  As  a  rule,  the  machine  is 
placed  on  a  tripod  stand  as  shown  in  Fig.  172,  and  where  the 
rock  is  hard  the  stand  does  not  move ;  if,  on  the  other  hand, 
the  ground  is  soft,  the  feet  of  the  stand  may  move,  and  then 
the  drill  is  apt  to  get  jammed  in  the  hole.  For  tunnel  work 
the  machines  are  sometimes  fixed  on  a  crossbar ;  a  similar 
arrangement  is  sometimes  used  for  sinking.  For  rapid  work  in 
driving  levels,  the  machines  are  fixed  on  an  iron  carriage  (see 
Fig.  398).  Two  or  four  machines  may  be  carried  on  this  carriage, 
according  to  the  size  of  the  tunnel.  When  the  requisite  number 
of  holes  have  been  drilled,  the  machine  is  rolled  back  along  the 
rails  to  a  safe  distance  until  after  the  blasts  have  been  discharged 
and  the  dirt  cleared  away.  The  compressed  air  that  drives  these 
machines  is  useful  for  clearing  out  the  smoke,  and,  if  the  mine  is 
hot,  for  cooling  the  heading.  Where  every  arrangement  is  made 
for  speed,  from  30  to  50  yards  of  heading  may  be  driven  in  one 
week,  where  by  hand  it  would  have  been  difficult,  with  every 
exertion,  to  drive  6  yards  a  week.  In  ordinary  mining  work, 
however,  great  speed  is  not  usually  obtained,  because  of  the 
capital  required  to  provide  the  requisite  machinery  and  the  extra 
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expense  in  labour,  and  a  speed  of  from  two  to  three  times   that 
of  hand-labour  is  usually  considered  sufficient. 


PLAN 

Fig.  398. — Drills  on  carriage. 


Rotary  Drills. — A  carriage  carrying  two  rock-drills  is  shown 
in  Fig.  399.1  These  drills  are  rotary,  as  in  hand-boring  machines, 
with  a  twisted  steel  auger ;  revolving  motion  may  be  given  from 


Fig.  399. — Walker's  drilling-machine. 

any  source  of  power,  such  as  a  compressed  air-motor,  hydraulic 
motor,  or  electrical  motor.  A  novel  way  of  driving  these  drills 
is  by  the  oil-engine,  which  is  placed  on  the  carriage,  and  a  belt 
from  the  fly-wheel  gives  the  required  rotary  movement  to  the  drill. 
The  writer  has  seen  one  of  these  machines  drill  a  hole  in  Cleve- 
land ironstone  at  the  rate  of  one  yard  in  one  minute.  It  was 
driven  by  water-pressure. 

Tunneling  Machines.  —  Machines  have  been  made  for 
driving  levels  without  the  aid  of  explosives  ;  one  of  these,  called 
Brunton's,  was  set  to  work  in  a  slate-quarry  in  North  Wales.  The 
power  was  conveyed  to  the  machine  by  a  wire  rope,  and  this  gave 
movement  through  gearing  to  a  revolving  head  of  iron ;  on  it  were 

1  The   long  horizontal  arms  carrying  the  drills  and  balance-weights  are 
shown  broken  to  reduce  the  length  of  the  drawing. 
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placed  steel  discs  with  a  sharp  edge  on  the  periphery.     These 
discs  cut  away  the  rock,  and  a  circular  tunnel  was  made  4  feet 
6  inches  in  diameter  in  a  hard  slate  rock.     As  there  was  no  blast 
to  shake  the  ground  and  leave  loose  projecting  pieces,  a  tunnel 
made  by  this  machine  in  such  ground  requires  no  lining  to  make 
it  safe.    Another  machine,  invented  by  Colonel  Beaumont,  shown 
in  Fig.  400,  was  used  for  the  exploring  heading  for  the  Channel 
tunnel,  which  was  driven  in  the  chalk  under  the  sea  near  Dover. 
A  revolving  head  carried  steel  teeth  which  scraped  away  the  chalk, 
the  fragments  of  which  were  carried  to  the  rear  of  the  machine, 
and  thus  cleared  away.     The  chalk  is  a  very  suitable  material  for 
such  a  machine,  being  so  soft  that  it  can  be  cut  with  a  penknife, 
whilst,  on  the  other  hand,  it  is  sufficiently  tough  to  stand  without 
lining.     The  diameter  of  the  heading  was  7  feet,  and  the  rate  of 
advance  when  in  actual  work  f  inch  per  minute,  which  is  equal 
to  3  feet  an  hour ;  this  rate,  of  course,  could  not  be  maintained 
for  long,   having  regard   to  the  numerous  stoppages  necessary 
for  the  adjustment  of  the  machine.     The  above  machine  was 
driven  by  compressed   air.      Another  and  similar  machine,  but 
much    stronger,  was  used    by  Colonel   Beaumont   in   tunneling 
under  the  Mersey,  between  Birkenhead  and  Liverpool,  cutting 
a  circular  heading  7  feet  4  inches  in  diameter,  and  advancing  on 
an  average  1 7  yards  a  week,  with  a  maximum  of  34  yards  a  week ; 
but,  afterwards  improved,  it  attained  a  speed  of  54  to  65  yards  a 
week,  whilst  the  speed  of  driving  by  hand  a  heading  10  feet  by 
8  feet  in  the  same  rocks  was  from  10  to  13  yards  a  week.1    The 
rock  in  this  case  was  a  sandstone  of  the  New  Red  formation. 
Colonel  Beaumont  also  used  a  similar  machine  at  one  or  two 
other  tunnels  in  different  rock.     A  somewhat  similar  machine  has 
been  patented  by  Messrs.  Stanley  (see  Fig.  401)  for  driving  in 
coal ;  the  machines  are  made  suitable  for  driving  tunnels  either 
5  feet,  6  feet,  or  7  feet  diameter  as  required.     These  machines 
have  a  revolving  head,  on  to  which  are  fixed  projecting  teeth  or 
cutters  upwards  of  2  feet  long,  which  cut  a  circular  groove  about 
3  inches  wide,  leaving  a  solid  block  of  coal  in  the  centre  of  the 
heading.    As  the  boring-head  revolves,  it  is  automatically  advanced 
from  the  frame  by  a  screw.     After  boring  the  depth  of  the  teeth, 
the  centre  block  is  broken  off;  the  frame,  which  is  carried  on  two 
centre  wheels,  is  then  advanced  a  length  of  2  feet,  and  the  boring 
recommenced.    All  the  time  that  the  machine  is  working,  men  are 
engaged  in  throwing  back  the  fragments  of  coal  cut  out  of  the 

1  The  machine  was  inspected  by  the  author  whilst  at  work,  but  the  par- 
ticulars of  speed  attained  are  taken  from  a  paper  read  at  the  Inst.  Civil 
Engineers,  May  4,  1886,  on  the  "  Mersey  Tunnel,"  by  Mr.  Francis  Fox, 
M.I.C.E. 
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.■groove,  and  portions  of  the  centre  block  then  break  off.  This 
machine  will  work  at  the  rate  of  3  feet  an  hour ;  the  average  speed 
of  heading  attained  is  usually  much  less,  but  that  is  simply  a 
matter  of  cost  and  organization.  A  speed  of  from  30  to  50  yards 
a  week  has  been  obtained  in  practice.  The  engines  are  driven  by 
compressed  air.  By  the  use  of  these  machines  the  shattering  effects 
produced  by  gunpowder  are  avoided,  and  in  some  cases  the  head- 
ings will  stand  secure.  The  size  of  head- 
ings driven,  however,  is  in  many  cases 
too  small,  and  two  machines  have  to  be 
employed  side  by  side  (see  Fig.  402), 
the  cuts  from  which  leave  a  little  centre 
rib  at  top  and  bottom,  which  has  to  be 
: got  down.  The  head  may  be  also  widened  FlG-  4°2t~snd"Iey's  two 
in  the  manner  described  in  the  chapter  on 

'  "  Opening  Out."     Owing  to  the  nature  of  beds  of  coal,  fire-clay, 
and  shale,  the  headings  cut  by  these  machines  do  not  always  stand 
without  timbering,  for  which  extra  height  may  have  to  be  got 
■  down.     Where  it  is  necessary  to  advance  a  pair  of  headings  with 
;  great  speed,  and  the  ground  is  not  too  hard,  there  is  no  doubt 
.  that  this  machine  will  do  good  service  ;  on  the  other  hand,  it  must 
I  be  borne  in  mind  that  if  a  heading  is  driven  in  fiery  coal,  at  the 
rate  of  20  yards  a  day,  the  amount  of  gas  encountered  may  be  un- 
usually large,  and  require  careful  ventilation.     The  compressed  air 
used  for  driving  the  machines  will  suffice  to  clear  the  heading,  but 
the  manager  must  remember  that  when  this  compressed  air  is  shut 
•off,  from  any  cause,  the  heading  may  be  rapidly  filled  with  fire-damp.1 
Messrs.  Stanley  have  recently  introduced  a  new  form  of  their 
heading-machine,  in  which  the  coal  or  stone  is  all  cut  up  into 
little  pieces,  so  that  the  fragments  can  be  gathered  up,  and  carried 
behind  by  means  of  machinery,   and  thus   the  advance  of  the 
machine  may  be  continuous ;  and  they  claim,  for  this  reason,  for 
the   new   machine  twice   the   speed   usually   averaged  with  the 
annular  groove  machine. 

Electric  Drills.— Some  electric  power  drills  have  been 
recently  made,  and  were  exhibited  at  the  Frankfort  Exhibition 
of  189 1 ;  one  of  these  was  the  application  of  an  ordinary  motor 
to  gearing,  the  movement  of  a  crank  being  used  to  lift  the  drill, 
the  blow  being  struck  by  the  force  of  a  spring.  Another  used  the 
solenoid,  by  which  a  reciprocating  movement  is  given  to  a  bar  of 
iron.  As  these  have  not  yet  come  into  general  use,  it  will  be  un- 
necessary to  give  a  further  description. 

1  As  it  is  undesirable  ever  to  have  an  accumulation  of  fire-damp,  it  is 
necessary  to  provide  for  the  constant  ventilation  of  the  heading  independently 
of  the  cutting-machine. 

X 
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CHAPTER   XIV. 

COAL-CUTTING   MACHINERY. 

Perhaps  the  most  arduous  part  of  the  work  of  a  miner  is 
holing  or  undercutting,  called  "  kirving  "  in  the  north  of  England. 
In  order  to  get  the  coal,  it  is  frequently  necessary  to  cut  away 
either  some  of  the  lower  part  of  the  seam  or  some  of  the  under 
clay  for  a  distance  of  from  I  foot  up 
to,  in  some  cases,  8  feet,  under  the 
coal.  The  height  of  the  excavation  so 
,,,  made  varies  from  12  inches  up  to  2  feet 

*°1  _____  .6  inches  at  the  face,  tapering  down  to  a 
~^ek___-  -fj- °-9R  couple  of  inches  at  the  back  (see  Fig. 
fig.  4o3.-Section  of  holing.  :  403)-  This  undercutting  is  sometimes 
done  only  for  a  short  distance,  say  2 
yards,  in  the  case  of  stalls  in  pillar-and-stall  mines.  One  side 
of  the  stall  is  then  nicked,  and  the  other  side  of  the  piece  of  coal 
that  has  been  holed  is  broken  down  by  a  shot.  Sometimes  the 
whole  width  of  the  stall  is  holed  at  once. 

In  longwall  stalls  it  is  customary  to  hole  a  considerable  length, 
say  from  10  yards  up  to  as  much  as  100  yards.  Usually  the 
holing  only  extends  the  length  of  one-half  the  stall,  say  20  or  30 
yards.  During  the  process  of  holing,  the  coal  is  supported  by 
sprags  fixed  at  intervals  of  not  less  than  6  feet.  When  the  sprags 
are  withdrawn,  the  coal  often  tumbles  down.  There  are  generally 
joints  in  the  coal  parallel  to  the  cleavage,  and  others  at  right 
angles  to  the  cleavage,  and  if  the  holing  is  made  as  far  in  as  one 
of  these  joints,  there  may  be  nothing  to  prevent  the  coal  from 
falling  when  the  sprags  are  withdrawn.  In  other  cases  the  coal 
sticks  to  the  roof,  and  has  to  be  either  cut,  wedged,  or  blown 
down.  The  holing  is  sometimes  done  in  dirt  above  the  seam 
of  coal,  and  sometimes  it  is  done  in  the  middle  of  the  seam, 
especially  where  the  seam  of  coal  is  divided  by  a  band  of  dirt. 

It  is  a  long  time  since  inventors  first  began  to  attempt  to  make 
machines  to  do  some  of  the  work  usually  done  by  the  collier  in 
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the  mine.     Out  of  the  great  number  of  coal-cutting  machines  the 
following  are  some  of  the  most  notable. 

Firth's. — This  machine  (see..  Figs.  404-4061)  is  worked  by 
compressed  air.     An  iron  carriage  on  four  wheels  has  an  engine 


Fig.  404. — Plan  of  Firth's  pick  machine. 

cylinder  6  or  7  inches  in  diameter;  the  piston-stroke  is  12  inches 
long,  and  by  means  of  a  short  lever  turns  a  vertical  shaft  through 
an  angle  of  1200.  Fixed  upon  the  shaft  is  a  steel  pick,  the  point 
of  which  is  about  3  feet  distant  from  the  centre  of  the  shaft.  As 
the  engine  moves,  this  pick  strikes  against  the  seam  of  coal.  It 
can  be  so  adjusted  vertically  as  to  work  in  the  right  place.    The 

Fig.  405. 
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tig.  406. 
Fig.  405. — Firth's  pick  machine  :  side  elevation.     Fig.  406. — Ditto  :  end  elevation. 

valve  is  worked  automatically  by  tappets  on  the  piston-rod,  but  if 
the  engine  stops,  or  if  the  pick  does  not  cut  a  full  stroke,  the  valve 
can  be  worked  by  hand.  The  pick,  which  weighs  75  lbs.,  strikes 
74  blows  a  minute.  The  point  of  the  pick  is  a  small  piece  of 
hardened  steel  fixed  into  the  end  of  the  pick ;  when  it  is  blunt,  it 

1  Proceedings  Mechanical  Engineers  :  Mr.  Fernie's  paper. 
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can  be  taken  out  and  another  one  substituted  in  a  minute  or  two. 
The  wheels  of  the  carriage  are  connected  by  a  side  rod,  and  by 
means  of  a  hand-wheel  and  bevel  gearing  the  carriage-wheels  can 
be  turned  and  the  machine  advanced. 

The  miner  causes  the  machine  to  advance  as  fast  as  the 
machine  can  cut  a  slot  in  the  coal.  The  height  of  the  slot  is 
about  3  inches,  and  this  pick  will  undercut  for  a  depth  of  2  feet. 
The  holing  done  has  to  be  made  deeper  than  this,  so  that,  after 
the  face  of  work  has  been  holed  to  a  depth  of  2  feet,  a  longer 
pick,  4  feet  9  inches  from  the  centre  of  the  vertical  shaft  to  the 
point,  and  weighing  90  lbs.,  is  put  on.  This  pick  strikes  in  the 
slot  already  cut  at  the  rate  of  60  blows  a  minute,  and  cuts  an 
extra  1  foot  9  inches  under,  making  altogether  3  feet  9  inches 
under. 

If  it  is  necessary  to  make  a  deeper  holing,  a  third  pick,  6  feet 
long  from  the  centre  of  the  shaft  to  the  point,  is  attached.  By 
means  of  this  the  holing  can  be  deepened  another  15  inches, 
making  the  holing  5  feet  under.  Where  the  holing  is  not  very 
hard  the  machine  works  at  a  great  pace ;  in  twenty-four  hours, 
continuous  working,  257  yards  have  been  holed  3  feet  6  inches 

under.  The  machine  will 
also  cut  in  very  hard 
ground,  but  at  a  reduced 
rate. 

Gillott  and  Copley's. 
— This  machine  (see  Fig. 
407)  is  similar  to  the  last, 
in  so  far  that  it  is  driven 
by  compressed  air,  and  is 
carried  on  a  carriage  with 
four  wheels  running  on 
rails  parallel  to  the  face 
of  work.  It  has,  how- 
ever, a  pair  of  cylinders 
each  -8£  inches  in  dia- 
meter, with  a  stroke  of  9 
inches.  These  cylinders, 
by  means  of  gearing,  give  movement  to  a  revolving  disc  or 
wheel,  on  the  periphery  of  which  are  fixed  20  steel  cutters  or 
picks.  The  speed  of  the  engine  is  reduced  by  5  to  1.  This 
machine  cuts  a  groove  3  inches  deep.  At  the  start,  the  groove 
has  to  be  cut  by  hand  for  the  wheel  to  enter.  The  pressure  of 
the  air  used  is  about  40  lbs.  It  holes  between  2  and  3  feet 
under,  and  will  do  144  yards  in  sixteen  hours  of  moderately  hard 
holing. 


Fig.  407.— Gillott  and  Copley's  coal-cutter. 
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Winstanley's.— Winstanley's  machine  (see  Fig.  408)  differs 
from  Gillott  and  Copley's  in  this  respect,  that  the  cutting-wheel  is 
carried  on  a  movable  arm,  by  which  it  can  be  held  against  the 
coal  so  as  to  cut  its  way  into  the  seam,  and  so  save  having  to 
make  an  entrance  by  hand-labour.  It  is  driven  by  a  pinion  with 
very  large  teeth,  which  gear  into  large  teeth  on  the  periphery  of 
the  cutting-wheel ;  into  these  teeth  are  fixed  the  steel  cutters.  By 
this  arrangement,  as  the  lever  carrying  the  cutting-wheel  is 
moved  it  revolves  round  the  pinion,  which  is  always  in  gear. 
Diameter  of  cutting- wheel  over  cutters,  3  feet  9  inches;  it  holes  about 


Fig.  408.— Winstanley's  coal-cutter. 

2  feet  3  inches  under ;  two  oscillating  cylinders  9  inches  in  diameter 
and  6-inch  stroke  make  150  revolutions  a  minute.  When  all  the 
cutters  are  sharp  it  will  cut  r  square  yard  in  a  minute,  with  air  at 
a  pressure  of  25  lbs. ;  but  the  average  speed  in  moderately  hard 
coal  is  about  8  square  yards  an  hour.  The  space  occupied  by 
the  machine  is  3  feet  wide  by  7  feet  long  and  1  foot  10  inches  high. 
The  cutting-wheel,  however,  requires  a  width  of  3  feet  8  inches 
in  which  to  move  without  the  cutters.  This  machine  has  done 
good  work,  but  the  writer  is  not  aware  that  any  are  in  use  at  the 
present  time. 

Rigg  and  Meiklejohn's. — Rigg  and  Meiklejohn's  (see  Fig. 
409)  is  similar  to  Gillott  and  Copley's.  The  total  height  of  the 
machine  is  only  16  inches,  so  that  it  will  work  in  a  very  thin  bed. 
There  are  a  pair  of  cylinders  8  inches  in  diameter  and  12-inch 
stroke ;  the  cutter-wheel,  4  feet  in  diameter,  has  twelve  cutters.  It 
cuts  3  feet  6  inches  under,  and  is  self-propelling.  When  the  cutters 
are  sharp,  it  will  cut  1  square  yard  in  i|  minute  ;  where  the  coal 
is  hard,  it  will  hole  5  square  yards  an  hour  on  an  average. 

Baird's. — Baird's   machine    (see    Fig.    410),  instead    of    a 
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revolving  wheel,  has  an  endless  chain  passing  round  a  jib,  and 
cutters  attached  to  the  links  of  the  chain  have  been  used. 

Bower  and  Blackburn's. — This  machine  has  a  revolving 
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Fig.  409.  — Rigg  and  Meiklejohn's  coal-cutter. 

arm  or  bar  (see  Fig.  411,  elevation,  and  Fig.  412,  plan)  instead 
of  a  revolving  wheel.  180  cutters  are  fixed  on  to  this  bar,  which 
revolves  at  the  rate  of  500  revolutions  a  minute,  holing  3  feet 

inches     under,     the 


groove  being  about  4I 
inches  deep.  In  easy 
ground  it  holes  at  a 
great  rate,  as  much  as 
16  to  18  yards  an  hour. 
Like  all  other  machines, 
it  works  much  more 
slowly  in  hard  ground. 
The  motive  power  in 
this  case  is  an  endless 
rope  passing  round  pul- 
leys, as  shown  in  the 
plan  ;  this  is  ingenious. 

Electric  Coal-cut- 
ters.— A  modification  of 
this  machine  is  to  substi- 
tute electricity  for  the 
rope.  The  armature  of  an  electric  motor  is  fixed  on  the  cutter- 
bar,  causing  it  to  revolve  at  a  great  speed. 

The  writer  has  seen  all  the  above  machines  at  work,  as 
well  as  others,  many  times  during  the  last  twenty-five  years,  having 
made  a  special  study  of  coal-cutting  machines. 

Harrison's. — The  Harrison  coal-cutter  (see  Figs.  413  and 
414)  is  an  American  machine,  and  is  like  a  rock-drill.  It  is 
made  in  two  sizes;  the  heavier  machine,  700  lbs.  weight,  will 
undercut  4$  feet.  The  cutter  attached  to  the  piston-rod  strikes 
repeated  blows  against  the  coal,  making  its  way  in,    The  machine 


Fig.  410. — Baird's  coal-cutting  machine. 
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is  carried  on  two  wheels,  and  when  working  is  placed  on 
boards   so   that   it   can   be   easily  turned.     A  workman 
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Fig.  411.. 


-Bower  and  Blackburn's  coal-cutter : 
elevation. 


behind  it  can  direct  the  cutter  to  any  portion  of  the  seam  he 

desires.      By    moving    the 

drill,  he   cuts   away  all  the 

coal  within  reach,  which  is 

a  segment  of  a  circle.     He 

then  moves  the  machine  on 

the  boards,  and  subsequently 

moves  the  boards  also,  so  as 

to   carry  the  cutting  along 

the  face.      The  machine  is 

driven   by  compressed    air, 

and  takes  two  men   to  work  it,  one  man  guiding  it,   and  the 

other  removing  the  fragments  broken  off  by  the  cutter. 

Yoch. — The  Yoch  machine  is  similar  to  the  Harrison ;  it  is 

driven  by  an  air-pressure  of  50  lbs. ;  the  cylinder  6-inch  diameter, 

12-inch  stroke.     It  is  said   that  it  will  undercut  from  60  to 

feet  in  length  to  a  depth 

of  4  or  s  feet  in  a  shift 

of  nine  to  ten  hours.     It 

weighs  1200   lbs.     Two 

men    are    required     to 

work  it. 

The    advantage     of 

these  small  machines  is 

their  portability  and  the 

ease     with    which     the 

cutter  can  be  directed 
to  that  portion  of  the 
seam  where  the  holing 
ought  to  be  made. 

Hydraulic  Ma- 
chines.— An  ingenious  machine  was  made  about  five  and  twenty 
years  ago  by  Carrett  and  Marshall,  and  was  thoroughly  tested. 
It  worked  by  hydraulic  pressure,  and  had  a  slotting  action.  It 
was  held  in  its  place  by  a  hydraulic  jack,  which  jammed  it  tight 
between  the  roof  and  floor  at  each  stroke  ;  but  the  practical 
difficulties  in  the  way  of  its  use  caused  its  abandonment. 

Non-use  of  Machines. — It  is  thirty  years  since  the  pick 
machine  was  first  introduced.  Gillott  and  Copley's,  Winstanley's, 
Baird's,  and  others,  were  brought  out  more  than  twenty  years  ago, 
but  comparatively  little  undercutting  is  done  by  machinery. 
The  difficulties  in  the  way  are  various.  Working  places  are  often 
so  well  filled  with  packs  of  stone  and  with  props  that  there  is  no 


Fig.  412. — Bower  and  Blackburn's  coal-cutter :  plan. 
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room  for  a  machine  to  pass  along  the  face,  whilst  there  is  plenty 
of  room  for  the  miner.  When  the  coal  has  been  got  down  in  a 
longwall  face,  rails  are  laid  along  it  for  the  waggon  into  which  the 
coal  is  filled ;  but  as  soon  as  all  the  coal  has  been  sent  out,  the 
rails  in  ordinary  course  are  pulled  up,  and  their  place  occupied 


Fig.  413.— The  Harrison  coal-cutter  at  work. 

with  packs  and  props.  But  if  a  coal-cutting  machine  is  to  he  used, 
then  the  packs  and  props  must  remain  at  least  4  or  5  feet  back 
from  the  face,  and  in  some  seams  the  roof  may  break  down. 
Whatever  precautions  are  taken,  the  roof  is  liable  to  break  down, 
and  if  a  machine  is  there  it  may  be  buried,  and  some  expense 
has  to  be  incurred  in  digging  it  out.     It  is  also  difficult  to  adjust 


Fig.  414. — Longitudinal  section  of  the  Harrison  coal-cutter. 

the  machine  to  cut  in  the  dirt  underneath  the  coal.  In  cases 
when  the  holing  is  more  than  3  feet  under,  machines  are  cumbrous, 
and  when  it  is  from  5  to  8  feet,  machines  are  not  suitable. 

Coal-cutting  machines  have  been  chiefly  used  where  the 
holing  was  in  a  bed  of  dirt  about  18  inches  above  the  bottom. 
There  is  a  difficulty  in  moving  heavy  machines  from  one  working 
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place  to  another.  These  difficulties  have  made  the  profit  of  work- 
ing coal-cutters  in  many  cases  so  doubtful  as  to  deter  coal-mine- 
owners  from  incurring  the  outlay  of  capital  necessary  for  their 
use.  In  some  cases  where  holing  is  done  in  the  dirt  by  manual 
labour,  the  collier  is  able  to  pull  out  the  fire-clay  in  large  lumps 
instead  of  hacking  it  all  to  pieces ;  this  saves  a  great  deal  of 
labour.  The  machine  cannot  do  this,  but  has  to  cut  the  holing, 
whether  it  is  dirt  or  coal,  to  dust. 

Electrical  Machines. — Great  expectations  were  raised 
by  the  introduction  of  electricity,  but  hitherto  electrical  coal- 
cutting  machines  have  made  but  small  progress.  It  is  probable 
that  the  use  of  coal-cutting  machines  will  be  reserved  for  places 
where  the  holing  is  exceptionally  hard,  and  for  very  thin  seams  of 
coal. 
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CHAPTER  XV. 


TIMBERING:   WOODEN    AND    STEEL   BARS   AND   PROPS. 


The  timber  used  varies  with  each  locality  according  to  the  price 
of  each  particular  kind  of  wood.  On  the  eastern  sea-board  of 
England,  Norwegian  and  Baltic  fir  are  almost  exclusively  used ; 
in  the  Midland  and  western  counties  this  is  used  together  with 
English  timber,  such  as  larch,  oak,  etc.  In  South  Wales  a  good 
deal  of  pine  of  a  heavy  kind  is  imported  from  the  south  of  France, 
which  is  used  in  addition  to  other  kinds.  English  larch  and 
French  timber  are  generally  used  with  the  bark  on,  Baltic  has 
generally  but  little  bark.  Where,  owing  to  the  nature  of  the 
ground,  the  bars  will  have  to  bear  a  heavy  weight,  round  trees  are 
used  from  6  to  10  inches  in  diameter1  (see  Fig.  415) ;  and  where 
the  weight  is  slight,  the  trees  are  often  sawn  down  the  middle,  the 
flat  side  being  placed  against  the  roof  (see  Fig.  416).     Square 


Fig.  415. — Props  and  bars,  round. 


Fig.  416.— Props  and  bars,  half-round. 


timber  is  used  sometimes,  similar  to  railway  sleepers.  Steel  bars 
are  often  substituted  for  wooden ;  they  are  sometimes  supported 
by  wooden  props,  and  occasionally  by  steel  props  (see  Fig. 
4r7).  They  are  often  fixed  in  the  stone  sides  of  the  road, 
and  sometimes  are  carried  by  brick  walls.  The  bars  generally 
employed  are  girders,  similar  to  those  used  for  ordinary  building 
purposes,  as  this  form  will  sustain  the  greatest  pressure  for  a 
given  weight  of  steel.  A  rolled  steel  girder  can  be  bent,  but 
can  hardly  be  broken ;  it  is  therefore  a  very  safe  kind  of  bar. 
1  Roughly  squared  hewn  trees  are  also  used. 
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Fig.  417. — Props  and  bars,  steel,     i,  steel  bars  ; 
2,  steel  props  with  rounded  ends. 


But  steel  rails  are  liable  to  snap  and  fly  under  a  breaking  load, 
and  it  is  therefore  not  so  safe  to  use  rails  for  bars.  The  steel 
is  very  much  more  costly,  varying,  according  to  the  circum- 
stances, from  twice  to  six 
times  the  cost  of  the  timber. 
But  it  is  no  more  costly  in 
labour  to  erect,  and,  when 
erected,  will  generally  endure 
much  longer.  There  are 
many  places  where  steel 
bars  once  fixed  would  form 
a  permanent  support,  be- 
cause they  will  not  decay ;  whilst,  in  the  same  place,  a  timber 
bar  would  rapidly  decay,  and  within  twelve  months  would  have 
to  be  replaced,  the  labour  of  replacing  being  more  costly  than 
the  wood  replaced.  In  such  cases  there  is  a  manifest  economy 
in  the  use  of  steel.  In  roads  which  only  serve  a  temporary 
purpose  wood  is  to  be  preferred ;  and  in  roads  where,  owing  to 
the  excessive  pressure  or  the  unusual  tenderness  of  the  strata, 
bars,  whether  of  timber  or  steel,  will  be  rapidly  broken  or  bent 
out  of  shape,  timber  is  also  probably  the  cheaper. 

The  usual  way  of  fixing  a  bar  on  to  props  is  shown  in  Fig.  415. 
The  diameter  of  bars  used  for  the  timbering  in  mines  in  this 
country  varies  from  about  3  up  to  12  inches ;  occasionally,  no 
doubt,  bars  of  greater  diameter  are  used.  The  timber  for  props 
also  varies  in  this  country  from  about  3  inches  to  about  10  or  12 
inches  in  diameter.  In  some  mines,  however,  which  the  writer  has 
visited,  much  thicker  timber  is  used ;  for  instance,  in  the  Calumet 
and  Hecla  Mine,  on  Lake  Superior,  timber  props  are  set  3  feet 
in  diameter. 

In  order  that  a  bar  may  not  be  easily  knocked  off  the  prop, 
it  is  generally  tightened  by  a  wedge  at  the  top ;  sometimes  the  end 
of  the  bar  is  notched  and  the  prop  also,  as  shown  in  Fig.  418.  In 
other  cases  an  iron  spike  is  simply  knocked  into  the  bar  in  front 


Fig.  418.— Props  and 
bars,  notched. 


Fig.  419. — Props  and 
bars,  spiked. 


Fig.  430.— Props  in  heading. 


of  the  prop,  as  shown  in  Fig.  419.     In  many  cases  props  only  are 
used,  as  shown  in  Fig.  420 ;  in  other  cases  props  are  dispensed 


316 


MINING. 


with,  as  shown  in  Fig.  421.  Fig.  422  shows  a  cross-section  and 
longitudinal  section  of  a  timbered  roadway.  It  will  be  seen  that 
over  the  bars  are  placed  poles  or  planks,  going  longitudinally,  and 
over  these  the  space  is  filled  up  with  dirt,  so  that  there  may  be 
no  cavity  above  the  timber  in  which  gas  can  accumulate ;  and  the 


Fig.  421. — Bars  in  heading. 


Fig.  422.— Sections  of  timbered  heading. 


roof  above  is  also  held  securely  in  position.  Lagging  is  some- 
times laid  at  the  sides  of  the  props  to  prevent  pieces  falling  off 
between.  At  the  working  face  the  collier  must  protect  himself 
with  sprags  under  the  coal,  and  with  props  and  sprags  against  the 
front  of  the  coal,  and  with  chocks,  as  shown  in  Fig.  423.     The 


Fig.  423. — Timbering  working  face.    P,  props  ;  C,  cog  ;  M, 
cockermeg ;  Sj  sprag. 

reader  is  referred  to  an  excellent  book  by  Mr.  A.  R.  Sawyer,  on 
"  Accidents  in  Mines,"  of  which  the  writer  has  made  some  use  in 
preparing  this  chapter. 

Props  must  be  fixed  nearly  at  right  angles  to  the  inclination 
of  the  seam,  but  in  steep  seams  the  props  should  be  inclined  a 
little  to  the  rise  of  a  line  at  right  angles  to  the  dip,  say  2°  or  30, 
as  is  shown  in  Fig.  424  ;  because  the  tendency  of  the  roof  is  to 
move  towards  the  dip,  and  if  the  prop  were  fixed  originally  at 
right  angles,  the  movement  of  the  roof  might  loosen  it,  but  if  it  is 
fixed  slightly  inclined  towards  the  vertical,  the  movement  of  the 
roof  towards  the  dip  tightens  the  prop.  The  prop  is  tightened 
with  a  wedge  at  the  top  driven  in  with  a  hammer ;  this  wedge  is 
sometimes  called  the  lid.     If  of  small  dimensions,  it  merely  serves 


TIMBERING:    WOODEN   AND  STEEL   BARS,  ETC.       317 


to  tighten  the  prop ;  but  if,  instead  of  a  wedge,  a  strong  cross- 
piece  2  feet  long  is  fixed,  and  that  again  is  tightened  with  a  wedge, 
the  prop,  by  means  of  this  cross-piece,  supports  a  larger  area  of 
roof  (see  Fig.  425).  The  roof 
should  be  so  supported  by  props 
and  lids  that  any  unseen  joints 
may  be  covered ;  otherwise  acci- 
dents occur  through  stones  fall- 
ing out  along  lines  of  fault  or 
other  joints  which  could  hardly 
be  observed.  Instead  of,  or 
rather  in  addition  to,  props, 
cogs  or  chocks  are  often  placed. 
These  consist  of  pillars  of 
timber  made  of  cross-pieces, 
each  about  2  feet  long  and  5 
inches  square,  of  hard  wood  (see 
Fig.  423).  These  may  be  pulled 
down  and  rebuilt.  Cast-iron 
props,  as  shown  in  Fig.  426,  have  often  been  used;  in  some 
places,  wrought-iron  or  steel  props  are  used. 

In  the  working  places  props  have  frequently  to  be  withdrawn, 
and,  to  avoid  accidents,  this  must  be  done  with  great  care.  If 
the  prop  is  very  fast,  a  temporary  prop  may  be  erected  beside  it 


Fig.  424. — Prop  ana  angle  measure. 
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Fig.  426. — Cast-iron 
prop. 


Fig-  425.— Props  and  large  lid.    P,  props ;  L,  lids  ;  S,  sprag ; 
T,  strut. 

to  sustain  the  roof  while  the  workman  is  cutting  loose  the  other 
prop ;  then  both  the  props  may  be  withdrawn  by  ropes  or  chains, 
the  workman  going  to  a  safe  distance.  A  method  of  drawing  the 
props  commonly  used  is  by  means  of  a  lever  and  chain  (Fig.  427). 
The  chain  is  fastened  round  the  prop  to  be  withdrawn,  and  the 


318  MINING. 

lever  rests  against  a  sound  prop.  In  some  cases  a  rope  (see  Fig, 
428)  is  made  fast  to  the  prop  to  be  drawn  and  to  several  sound 
props.  Then  the  workmen,  pulling  the  rope  sideways,  throw  a 
great  strain  on  the  loose  prop,  and  so  cause  it  to  be  withdrawn. 
A  prop  that  is  fast  may  be  loosed  by  means  of  a  tool  called  a 
jobber  (see  Fig.  429))  with  a  handle  about  7  feet  long. 

Many  colliery  managers  consider  that  props  should  be  with- 
drawn, not  merely  for  the  sake  of  saving  the  timber  for  future  use, 
but  to  facilitate  the  regular  subsidence  of  the  strata  behind  th& 


Fig.  428. — Rope  and  props. 


Fig.  427.—  Ringer  and  chains  and  tools. 


face,  and  in  this  way  diminish  the  likelihood  of  a  weight  coming 
on  to  the  working  place. 

When  a  bar  across  a  road  has  been  broken  or  bent  by  the 
weight,  if  it  were  withdrawn  the  roof  would  fall;  therefore 
additional  bars  or  liners  must  be  placed  on  each  side  of  the 
broken  bar  before  it  is  withdrawn.  In  this  way  the  workmen  are 
protected  and  the  roof  is  kept  up.  When  the  roof  has  crushed 
down  the  bars  for  some  considerable  length,  and  it  is  necessary  to 
restore  the  road  to  its  original  height,  if  the  bars  are  drawn,  a 
great  deal  of  loose  shale  may  fall,  and  it  may  become  an  expensive 
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Fig.  429. — Jobber. 

and  dangerous  job  to  re-timber  the  road.  In  such  a  case  the 
writer  has  successfully  used  hydraulic  jacks  to  raise  the  bars,  sub- 
sequently setting  new  props  and  bars  without  letting  the  roof  fall. 
Screw-jacks  have  also  been  used  for  the  same  purpose. 

The  need  for  careful  propping  is  shown  by  the  accidents 
occasionally  happening  for  want  of  props,  either  because  the 
unsupported  area  was  too  large,  or  because  of  joints,  faults,  and 
"pot-lids."  Accidents  have  also  happened  owing  to  want  of 
sufficiently  careful  calculation  as  to  the  weight  carried  by  bars  at 
a  place  where  two  main  roads  cross.  In  this  case  the  bars  of  one 
road  have  to  be  carried  on  two  bars  forming  a  bridge  across  the 
roads  at  right  angles.     The  weight  on  these  bridge  bars  may  be 
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excessive.  Great  care  has  to  be  taken  not  only  that  they  are 
sufficiently  strong  at  the  beginning,  but  that,  in  changing  them, 
sufficient  temporary  props  are  fixed  under  the  bars  of  the  other 
road  resting  upon  them. 

When  a  heading  is  driven  in  quicksand,  piles  are  driven  in 
advance  in  a  horizontal  direction,  similar  to  the  method  used  in 
sinking  shown  in  Fig.  189.  It  is  not  often  that  this  has  to  be 
done,  but  it  is  not  unfrequently  the  case  that  in  driving  through 
soft  ground  boards  have  to  be  driven  in  diagonally  on  the  roof 
and  sides,  to  prevent  the  earth  from  running  into  the  excavation. 

Figs.  430  and  431  are  from  sketches  made  by  the  writer  in 
Saxony ;  they  show  in  plan  and  elevation  a  heading  in  a  thick  and 
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Figs.  430,  431. — Sections  of  heading  in  coal,  with  iron  rings  and  wood  poling. 

tender  seam  of  coal.  Wrought-iron  rings  are  placed  at  intervals 
of  about  2  feet.  Between  these  rings  and  the  coal  very  small 
polings  of  fir  are  placed,  forming  a  complete  lining  of  timber. 

Another  method  of  timbering  is  shown  in  Fig.  432,  a  sketch 
by  the  writer  at  a  colliery  in  the  north  of  France.  In  this  case 
iron  bars  bent  in  the  form  of  a  horseshoe,  weighing  about  25  lbs. 
to  the  yard,  are  placed  at  intervals  of  about  2  feet.  These  bars 
are  in  section  shaped  like  a  girder  weighing  25  lbs.  to  the  yard. 
The  space  between  them  is  filled  up  with  ij-inch  planks,  which 
fit  against  the  webs  of  the  iron  bars  between  the  flanges,  making 
a  smooth  and  strong  lining  for  the  roadway,  which  is  7  feet  wide. 

Timbering  is  liable  to  be  destroyed  in  the  following  ways  : 
First,  by  decay ;  in  warm  and  dry  mines  this  is  very  rapid,  the 
timber  being  sometimes  destroyed  in  a  few  months.  It  is  said 
that  this  decay  is  arrested  by  damping  the  air  with  spray-jets.  In 
many  places,  especially  in  very  wet  places,  the  timber  will  some- 
times endure  for  generations. 

Bars  are  often  broken  by  a  combination  of  pressure  on  the 
centre  of  the  bar  from  the  roof,  and  on  the  ends  of  the  bar  from 
the  side.     In  order  to  prevent  this  end  pressure  from  breaking 
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the  timber,  care  must  be  taken  that  the  bars  are  kept  free  at  the 
ends ;  this  in  some  mines  involves  continual  cutting  away  of  the 
shale  which  squeezes  in. 

Rules  for  Strength. — The  strength  of  a  bar  is  in  direct 
proportion  to  its  width ;  thus  a  bar  12  inches  wide  is  twice  as 

strong  as  a  bar  6  inches 
wide.  The  strength  of  a 
rectangular  beam  is  in  pro- 
portion to  the  square  of  the 
depth.  Thus,  if  there  are 
two  bars  of  equal  width,  one 
6  inches  deep  and  the  other 
12  inches  deep,  their  pro- 
portional strength  is  as 
6! :  122 : :  36  :  144 ;  or  as 
1  to  4.  The  longer  the  bar 
the  weaker  it  is ;  thus*  a 
12-foot  bar  is  only  half  as 
strong  as  a  6-foot  bar. 
Thus  if  a  bar  is  6  inches 
wide  and  1 2  inches  deep  by 
8  feet  long  between  sup- 
ports, it  will  bear  twice  the 
weight  in  the  centre  that  a 
bar  12  inches  wide  and  6 
inches  deep  and  8  feet  long 
would  bear,  and  twice  the 
load  that  a  bar  6  inches 
wide,  12  inches  deep,  and  16  feet  long  between  supports  would 
bear. 

A  bar  supported  at  both  ends  will  bear  twice  the  load  in  the 
centre  that  it  will  bear  if  only  supported  at  one  end.  If  the  load 
is  distributed  equally  all  along  the  bar,  it  will  carry  twice  the  weight 
that  it  will  bear  if  the  load  is  all  in  the  centre.  If  the  two  ends 
of  a  bar  are  very  firmly  built  in  for  a  length  of  at  least  18  inches 
and  held  tight  (on  the  top  and  bottom),  it  will  bear  half  as  much 
again  as  it  would  if  the  ends  were  loose  with  distributed  load. 
The  strength  of  beams  is  given  in  "  Molesworth's  Pocket- 
Book  "  by  the  following  rule.     Rectangular  beams — 

W  =  breaking  weight  at  centre  of  beam  supported  at  both- 

ends,  in  hundredweights. 
B  =  breadth  of  beam  in  inches. 
D  =  depth  „  „ 

L  =  length  „  _  „ 

K  =  coefficient,  varying  with  timber  used. 


Fig.  432. — Method  of  supporting  a  roadway, 
foot  of  rail ;    2,  timbering  between  rails ; 
head  of  rail. 
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K  =  for  yellow  pine,  10;  for  red  pine,  13  ;  Memel,  12;  spruce, 

12  ;  English  oak,  15. 

(N.B. — These  strengths  as  given  in  Molesworth  do  not  agree 

with  those  given  by  Unwin,  and  they  must  be  regarded  by  the 

student  rather  as  indications  of  differences  in  strength  than  as 

correctly  representing  the  exact  relative  value  of  various  timbers.) 

4KBD2 

Example. — Let  B  =  6,  D  =  6  L=72(6  feet),  and  K.  =  10 ; 
then — 

w      4KBDa      4x10x6x6" 

w  = — = =  120  cwt,  or  6  tons 

L  72 

This  rule  may  be  simplified  when  K  =  10,  as  follows  : — 
W  =  breaking  weight  in  tons  ;  then — 

2BD2 

This  is  easy  to  remember,  as  most  of  the  figures  are  6's.  Thus, 
beam  6  inches  wide,  6  inches  deep,  6  feet  long ;  breaking  weight, 
6  tons. 

Rule  for  strength  of  round  beams  is  given  by  Molesworth  as 
follows : — 

V  =  47R». 

R  =  the  radius,  or  half-diameter,  of  the  log  in  inches. 
The  following  example  shows  how  the  rule  is  worked  : — 
Let  K  =  10,  as  in  the  foregoing  example ;  let  the  diameter  be 
8  inches,  the  radius  4  inches,  and  L  be  72  inches;  then— 

,„      4  X  10  X  47  X  4'        , 
W=— — i67-i  cwt. 

72 

or,  roughly  speaking,  an  8-inch  bar  6  feet  between  the  supports 
will  require  a  load  of  8  tons  in  the  centre  to  break  it. 

It  will  be  seen  that  this  rule  agrees  approximately  with  some 
results  obtained  by  testing  mining  timber. with  the  100-ton  testing- 
machine  at  the  Yorkshire  College.  The  tests  were  made  by  Pro- 
fessor Goodman  and  the  writer  upon  bars  of  ordinary  mining 
timber  in  their  ordinary  condition  before  use,  as  taken  from  a  pile 
out  of  doors.  The  results  are  shown  in  the  following  table.  A 
simple  rule  for  the  breaking  weight  of  round"  beams  is  given  in 
the  last  column. 


-Timber  Tests.                                                                 £} 
n  the  centre  on  a  flat  iron  saddle  10  inches  long,  the  ends  being 
ind  free  to  turn,  the  span  being  measured  from  centre  to  centre 
bars  neither  hewn  nor  sawn,  but  just  as  grown  and  cross-cut, 

1 
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V 

The  seventh  column  is 
calculated  by  the  rule 

W  =  j-       Here  W  is 

the  breaking  load  in 
the  centre  of  the  beam 
with    ends    loose    in      ^ 
tons,   D    is    the   dia-       "Z, 
meter  in  inches,  L  is       £ 
the    span    in    inches.      q 
In   the  above  experi- 
ments the  load  was  not 
entirely  in  the  centre, 
because  the  load  was 
placed  on  an  iron  block 
10  inches  long.    So  in 
the   sixth  column    of 
the  table  the  beam  is 
taken    as     10    inches 
shorter  in  each  case, 
which  reduced  length 
is    called    "corrected 
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the  seventh  column. 
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The  strength  of  rolled  steel  girders  of  H  section  (see  section, 
Fig.  417)  may  be  calculated  by  the  following  rule  :— 
W  =  breaking  weight  in  tons. 

X  =  tensile  strength  of  material  in  tons  per  square  inch. 

A  =  area  of  one  flange  (either  top  or  bottom)  in  square  inches. 

D  =  depth  of  girder  from  top  to  bottom  in  inches. 

L  —  span  in  inches. 

ThenW=  4*XAXD 
L 
For   rolled   steel   joists,  x  =  25   tons,1  and   4*  =  100   tons. 
The  safe  load  in  structures  is  J  of  the  breaking  load,  or  for  rolled 
steel  girders  the  safe  load  is  say  5  tons  per  square  inch.     There- 
fore the  formula  for  a  safe  load  for  a  girder  supported  at  both 
ends,  and  all  the  weight  in  the  centre,  and  ends  free,  would  be — 
,„      20  x  A  x  D 

W= L 

To   take  an   example  :    Let  A  =  5  inches  X  h  =  H  square 
inches,  let  D  =  6  inches,  and  L  =  72. 

100  x  24  X  6 


Then  the  breaking  load 


And  the  safe  load  = 


72 
20  X  24  x  6 
72 


=  20-83  tons 
4'i6 


If  the  load  were  distributed  evenly  throughout,  the  girder 
would  safely  sustain  double  the  above  load,  or  8  tons ;  and  if  the 
ends  were  built  in  very  firmly  to  a  length  of  at  least  18  inches, 
with  a  heavy  load  on  them,  and  the  load  distributed,  ir  would 
bear  50  per  cent,  more,  or  12  tons. 

The  following  table  gives  the  breaking  load  and  safe  load  of 
rolled  steel  H  girders  : — 


Table  XV. — Steel  Girders  as 

Ears. 

Description  of 
joist  in  list. 

Area 

of 
flange. 

Depth 
of 

girder 
from 
top  to 
bot- 
tom. 

Calculated  breaking  load 

(tons),  load  in  centre,  ends 

free,  for  a  span  of 

Calculated  safe  load  (tons) 

for  a  permanent  structure, 

load  in  centre,  ends  free, 

for  a  span  of 

70  in. 

100  in. 

150  in. 

200  in. 

70  in. 

100  in. 

150  in. 

200  in. 

Depth.  Width. 
3  in.  X  3  in. 

5  in.  X  3  in. 

6  in.  X  5  in. 
8  in.  X  6  in. 

10  in.  X  6  in. 

sq.in. 
0*75 
o'go 
2*50 
3*Qo 
3'54 

in. 
3 
5 

6 
8 
10 

3*21 
<5'43 
21*42 
34-28 
50*57 

2*25 

4*5° 
15*00 
24*00 
35 '40 

1*50 

3*00 
10*00 
16*00 
23*60 

1*12 

2*25 

7*5° 
12*00 
17*70 

0*64 
1-28 
4*28 
6-85 

IO'II 

o*45 
o'go 
3*00 
4*80 
7*08 

0*30 
o*6o 
2*00 
3*20 
4*73 

0*22 
o*45 
1-50 
2*40 
3"  54 

1  28  to  30  is,  perhaps,  nearer  the  figure,  but  25  tons  is  within  the  mark. 
For  wrought  iron,  x  =  20  tons. 
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In  order  to  determine  the  strength  of  timber  props,  the  writer 
procured  a  number  of  specimens  of  oak,  larch,  and  Norway  props 
of  the  size  and  condition  commonly  used  in  mines.  These  were 
put  in  the  testing-machine,  and  subjected  to  an  end  pressure  till 
they  crushed.  The  results  are  shown  in  the  table  on  the 
following  page. 

It  will  be  noted  that  there  does  not  appear  to  be  any  serious 
difference  in  the  strength  of  the  three  kinds  of  wood  as  tested 
but  the  oak  props  were  not  so  straight  as  the  larch,  and  the  larch 
was  not  so  straight  as  the  Norway.  It  will  also  be  noted  that  the 
7 -feet  props  crushed  with  a  less  weight  than  the  4-feet  props, 
and  these  again  with  a  less  weight  than  the  2-feet  props.  The 
weight  that  would  be  required  to  crush  a  prop  longer  than  7 
feet  can  be  ascertained  roughly  from  the  above  tests  by 
calculation.  Assuming  that  the  long  prop  was  quite  straight, 
it  is  probable  that  the  crushing  load  will  not  fall  much  below  1  ton 
per  square  inch,  if  the  length  does  not  exceed  twelve  times  the 
diameter. 

Professor  Unwin,  in  his  book  on  "  The  Testing  of  Materials 
of  Construction,"  quotes  experiments  by  Professor  Lanza,  accord- 
ing to  which  the  crushing  strength  of  posts  7  to  10  inches  in 
diameter,  12  feet  long,  and  2  feet  long,  of  yellow  pine,  was  very 
nearly  2  tons  per  square  inch.  It  is  probable  that  this  was  an 
excellent  quality  of  seasoned  timber.  Professor  Lanza  also  made 
tests  of  posts  up  to  30  feet  in  length,  from  which  it  appears  that 
a  yellow  pine  post,  of  which  the  length  is  fifteen  times  the 
diameter,  requires  a  crushing  load  of  if  tons  per  square  inch ; 
and  with  a  length  from  thirty  to  forty  times  the  diameter,  the 
crushing  load  is  i£  ton  Per  square  inch;  and  with  a  length 
fifty  to  sixty  times  the  diameter,  the  crushing  load  is  f  ton 
per  square  inch.  With  white  pine  the  strength  is  less.  With 
a  length  ten  times  the  diameter,  the  crushing  load  is  1^  ton 
per  square  inch;  and  with  lengths  from  ten  to  thirty-five 
times  the  diameter,  the  crushing  load  is  about  ^  ton;  while 
with  lengths  forty-five  to  sixty  times  the  diameter,  the  crushing 
load  is  about  0-44  ton  per  square  inch.  The  permanent  or 
safe  load  is,  of  course,  much  less  than  the  loads  above  given  in 
all  cases. 

It  would  seem,  from  the  various  observations  above  recorded, 
that  the  strength  of  a  straight  prop  or  strut  is  in  some  measure 
proportional  to  the  relation  between  length  and  diameter,  and 
that  a  prop  12  inches  in  diameter  and  12  feet  long  will  bear 
approximately  as  great  a  load  per  square  inch  as  a  6-inch  prop 
6  feet  long.  The  relation  of  the  ratio  of  the  length  and  diameter 
of  props   and   the  crushing  load   per   square   inch,  as  worked 


iable  XVI.— Particulars  of  Timber  Tests. 

The  test-pieces  consisted  of  round  timber  props,  neither  hewn  nor  sawn, 
but  just  as  grown  and  cross-cut,  the  ends  not  squared,  the  oak  without  bark. 

The  following  were  tested  as  struts  as  follows  :  at  the  top  and  bottom  of 
each  prop  a  piece  of  board  about  J  inch  thick  was  placed,  to  give  a  level 
bedding,  the  compression  was  applied  through  flat  and  level  iron  plates  at  the 
top  and  bottom,  the  prop  being  vertical. 


Description 

Length 

Girth  in  feet. 

Crush- 
ing 
load. 

Sec- 
tional 
area. 

Crush- 
ing load 

per 
sq.  in. 

Remarks. 

of  timber. 

Centre. 

A  end. 

Bend. 

ft.  in- 

tons. 

sq.  in. 

tons. 

Oak 

7    °i 

1*55 

1-41 

i  "67 

32-90 

27 '33 

1*20 

Crushed  at  A  end. 

„    

7    °± 

i'79 

1-79 

i-88 

50*00 

38-48 

1*29 

Failed  in  middle 

»    

3    6i 

1-66 

i"7S 

i-66 

44-01 

32-17 

i'37 

Failed      between 
middle  and  B. 

,,    

3    6. 

i -S3 

171 

1*64 

42-25 

31-17 

!'35 

Crushed  at  middle. 

„    

3    6 

I-57 

1*62 

1 '49 

40-15 

28*27 

1*42 

Crushed  at  A  end. 



3     5* 

1-66 

1*62 
thin 

I#75 
bark 

36-51 

32-17 

i"i3 

Failed  in  middle. 

Ash 

3    ot 

I'OO 

0-94 
thin 

I'OO 

bark 

17-14 

1075 

J,59 

' 

»    

2     8 

0*96 

i"oo 
thin 

0*92 
bark 

18-29 

10-75 

1*70 

., 

,,        

2     7 

o*8 

078 

0-83 

8-67 

7'54 

1*14 

f              >» 

Larch 

7    °t 

i-68 

1-84 

1*62 

31-71 

33-18 

°'95 

Failed    by   bend- 
ing ;    bent   and 
restraightened. 



7    o 

1  "59 

1-52 

i"75 

31-17 

30-19 

1*03 

Failed      between 
middle  and  A. 

" 

7    o 

1-93 

2 '06 

1-83 

50-00 

43-00 

-.•16 

Load     on     some 
minutes  ;    prop 
gradually  failed. 

(I 

6  II* 

i*6o 

i"54 

1*67 

24-61 

29-22 

0*84 

Slight  initial  bend. 

6  ni 

2-IS 

1*92 

i-78 

45"33 

44*17 

1  "03 

Failed       between 
middle  and  B. 

4    oi 

1*29 

1 '22 

1*17 

20*66 

!7'34 

1-19 

Crushed  at  A  end. 



4    o 

1*19 

T'lO 

1 '20 

20-79 

15-20 

1*37 

Failed   by    bend- 
ing ;    bent  and 
restraightened. 



3    6 

1 '97 

1 '97 

1*90 

46-95 

43*00 

1*09 

Crushed  at  B  end- 

3    6 

1-96 

1-99 

1-91 

59'°4 

44'i7 

-  1 '34 

Failed  in  middle. 

" 

3    6 

1*67 

1*65 

1-64 

43'47 

31*17 

1*39 

.  Failed    in    bend- 
ing ;    bent   and 
restraightened. 



3     5* 

1  "93 

2*03 

1-84 

41-10 

43*00 

0-95 

Failed  in  middle. 

2      oi 

1  "09 

i'o6 

1*09 

21-57 

13*20 

1*63 

*»              »> 

2      0+. 

1*15 

1*13 

1*20 

26*15 

15-20 

1*72 

Failed  at  A  end. 

>• 

2      O 

i*»3 
no 

1*09 
bark 

1*15 

24-58 

14*52 

1*69 

Failed  in  middle. 

Norweg.  fir 

6    i} 

i'S7 

i*53 

i-66 

40-72 

28*27 

1*44 

Wet;  failed  at  A 

end. 

* 

6    o 

1*64 

1*76 

i*6o 

35*57 

32*16 

no 

>»            »> 

5  "+ 

1*62 

1*56 

1-66 

39-40 

30*19 

1*30 

,,             ,, 

3     7* 

I -03 

0-97 

I*IO 

1777 

11*94 

1*49 

Failed  at  B  end. 

3     7 

1*07 

i'ii 

1  -03 

16*08 

13*20 

1*22 

tt             a 

3    6 

I'll 

i*i5 

i"o6 

17-66 

13*85 

1*27 

>*            »i 

',', 

3    o 

1*22 

1*24 
no  bark 

rig 

25-22 

i6*6t 

1*52 

" 

„ 

2  ni 

1-18 

1*20 

no  bark 

1-14 

18-24 

15*90 

1*14 

" 

2    Il£ 

1*22 

1 '25 

1*18 

16-75 

16*61 

I '01 

,, 

» 

2  ni 

1*17 

I'ZO 

1*18 

23-30 

15*9? 

1*46 

[  Cut  ]  Failed  in 

,, 

2       I* 

I  '25 

I'28 

sark 
1*26 

1-23 

3°' 13 

18*09 

i*66 

1  from  1    middle. 

1' 

2       li 

no 
1*29 

1-30 

33*4 

18-85 

1*77 

same  1  Failed  at 
piece. )     B  end. 

II 

2       1} 
2       I* 

no 
1*29 

no 
1-25 

)ark 

1*31 

)ark 
1*23    | 

1-26 
1*26 

31-38 
31-70 

18*85 
18-09 

1*66 
175 

1  Cut    from    sama 
►       piece ;      failed 
1       at  A  .end. 
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out  from  the  Yorkshire  College  tests,  is  given  in  the  following 
table : —  ; 

Table  XVII. — Timber  Props. 

Table  showing  average  crushing  load  per  square  inch  for  each  kind  of 
wood  and  each  length,  and  also  the  ratio  of  the  length  to  the  diameter  of  the 
average  of  the  samples  of  each  kind  and  length. 


u 

7  feet. 

6  feet. 

4  feet. 

3*  feet. 

3  feet. 

2  feet. 

1 

o 

B 

.2 
.B* 

*c 

o 
a 

Q 

•a  a 

gpg 
'•§'» 

U  3 

«  2* 

60        in 

S  i-c 
v  8  o 

< 

V  >  o 

■gs.s 

C        d 

—  ^.„ 

•s-si 

bij-0  rt 

5  ?*a 
.J 

Wl 

£ 

*«  ■ 

3  4-. 

0    „ 
bo  rt 

S-2 
> 

<3 

u  c 

•5  s 

c'-S 

•s-S  . 

wo  0 

.J 

bo 

c 

£  . 
rt  0 

r 

T3   V 
in  « 

S  E 
0  d 

.3  ^ 
~  «  . 

►J 

bo 

c 

'£  , 
1" 

tort 
rt  0 

> 

■■s  fe- 
ll 
•5.2 

CO 

**  v    , 
M-O  0 
v'>  V 

►J 

c 

'£  . 
Si! 

O        „ 

> 

'"O,  fe 
IE 

.S-° 

hbtJ  0 

ho 
.5 

1H  , 

3iJ 

£   4> 

41  "0 

bom 

rt  0 

r 

■S-S  . 

bCT3  0 

g'SS 

Eng.  oak 
j,     ash 
,,  larch 

Norweg. 
fir       ... 

1'24 
I'OO 

13*02 
12*40 

1*28 

11*6 

1-28 

10-5 

1-31 
1-19 
1-32 

6-6 
5'8o 

10-30 

1  "47 
1-28 

10*28 
7'9 

i*68 
1*71 

5-6 
4-90 

Props  made  of  steel  girders  with  part  of  the  web  cut  out  at 
each  end,  and  the  flanges  bent  over  (Firth's  patent),  are  a  good 
deal  used.  The  crushing  load  may  be  calculated  from  the  follow- 
ing formula,  and  the  table  shows  the  crushing  load  that  may  be 
put  upon  props  of  the  section  given.  It  must  in  all  cases  be 
borne  in  mind  that  the  permanent  safe  load  is  about  one-fifth  of 
the  load  that  will  immediately  crush  a  prop. 

To  find  the  buckling  load  for  a  steel  prop. 

Rule. — 

B=  1  +a  Xr* 

B  x  A  =  total  buckling  load  for  prop. 

B  =  buckling  load  in  tons  per  square  inch. 

A  =  sectional  area  of  metal  in  square  inches. 

L  =  elastic  limit  of  material. 

a  =  a  constant  depending  on  section  and  material. 


When  neither  end  is  rigidly  fixed,  m  -  I,  d  =  least  width  in 
inches,  /  =  length  in  inches. 

Example. — Prop  is  4  feet  long,  of  H-section  rolled  girder, 
mild  steel,  8  inches  X  6  inches.  Sectional  area  is  8 '43  square 
inches. 
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L  =  16  tons  for  wrought  iron  or  mild  steel. 

a  =  TTinr  for  rolled  joists  H  section. 

m  =  I  =  length  in  inches  =  48. 

d  =  6  inches. 

A  =  8-43  square  inches. 


ThenB  =. 


16 


16 


1  + 


-*(*' 


1  + 


48  X48 


=  i5'i8tons 


1200  "  V.6/  '  1200  A    6x6 

And  B  x  A  =  15-18  x  8-43  =  127-96  tons 


Table  XVIII. 

Calculated  by  the  rule  above  given,  for  H-section  rolled  joists  or  girders 
used  as  props,  both  ends  free. 


i« 

-i  i 

rt 

0  M 

Descrip- 
tion. 

•sis 

Buckling  load 

'or  a  strut  of 

Safe  permanent  load  on  the 

=  2 

Sr 

which  the  end 

3  are  not  fixed, ' 

same  struts.       Factor  of 

J3 

H 

2  ° 

H.o 

for  a  span  of 

safety  =  5. 

>  <S 

en 

dep.  wid. 

in. 

in. 

sq.  in. 

4ft. 

6  ft. 

8  ft. 

12  ft. 

4  ft. 

6  ft. 

8  ft. 

12  ft. 

in.      in. 

3X3 

0-18 

0*25 

i'q 

25-04 

20-53 

16-40 

10-39 

5-01 

4"  10 

3-28 

2-08 

5*X4* 

0-37 

o*5 

6"oo 

87-66 

79-08 

69-60 

51-78 

!7'S3 

15-82 

13-92 

10-36 

6X5 

0-44 

o*5 

7*n 

105-58 

96-98 

86-95 

67*26 

2I'I2 

19-39 

!7'39 

13-45 

8X6 

0*36 

o*5 

»'43 

127-96 

120*38 

III'IO 

91-12 

25-59 

24-08 

22-22 

18-22 

1  A  prop  as  set  up  between  roof  and  floor  is  a  "  strut  the  ends  of  which 
are  not  fixed." 


Safe  Loads. — It  must  be  borne  in  mind  that  the  safe  load  of 
any  material  is  much  less  than  the  crushing  load.  For  instance, 
whilst  the  bar  6  inches  square,  6  feet  between  the  supports,  will 
carry  6  tons  in  the  centre,  a  load  of  i  ton  would  be  sufficient  for 
a  permanent  loading. 

In  timbering,  the  factor  of  safety  commonly  employed  in 
building  is  7,  that  is  to  say,  that  if  a  load  of  7  tons  will  break 
a  bar,  a  load  of  only  1  ton  should  be  put  on  it  permanently.  It 
is,  perhaps,  unnecessary  in  mines  to  allow  such  a  large  factor  of 
safety,  because  the  timbering  has  seldom  to  remain  permanently ; 
and  it  is  probable  that  a  factor  of  safety  of  2  or  3  is  sufficient 
both  for  bars  and  props  in  a  mine— that  is  to  say,  that  if  the 
calculation  shows  that  a  bar  would  break  with  a  load  of  6  tons, 
it  may  probably  be  safely  required  to  carry  a  load  of  2  to  3  tons. 
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And  the  same  with  regard  to  props.  If  the  ultimate  crushing 
strain  of  a  prop  is  say  40  tons,  it  is  probable  that  it  may  safely 
carry  a  load  of  20  tons,  because  it  will  only  have  to  bear  the  load 
for  a  short  time.  Of  course,  in  addition  to  this,  allowances  must 
be  made  for  deterioration  of  the  timber  by  decay,  or  for  weaken- 
ing of  the  timber  by.  cutting  portions  of  it  away. 
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UNDERGROUND  HAULAGE  :  JIGS,  SINGLE  ROPE,  TAIL  ROPE,  END- 
LESS ROPE,  CHAIN,  LOCOMOTIVES,  COMPRESSED  AIR,  ELECTRIC, 
ROPEWAYS   ON    SURFACE. 

The  underground  conveyance  of  mineral  is  a  matter  of  con- 
tinually increasing  importance,  not  merely  because  of  the  rapidly 
increasing  production,  but  because,  as  the  mines  get  deeper,  the 
area  of  mineral  got  from  one  pair 
of  shafts  increases.     Underground 
haulage    roads    are   now  not    un- 
frequently  two  miles  in  length,  and 
sometimes  reach  a  length  of  four 
miles.     The  total  length  of  under- 
ground railway  in  Great  Britain,  is 
equal  to  half  the  length  of  surface 
railway,  but  the  extent  of  undei- 
ground  railway  is  increasing  faster 
than  that  of  surface  railways. 

Various  means  of  haulage  are 
shown  in  Fig.  433.  The  mcst 
primitive  method  of  conveyance  is 
that  of  putting  the  mineral  into  a 
bag  or  basket,  and  carrying  it  on 
the  head  or  shoulders,  a  plan  which 
is  still  adopted  in  some  parts  of 
the  haematite  iron-mines  in  the 
Forest  of  Dean,  and  in  many  places 
abroad. 

In  some  mines  the  mineral  is 
conveyed    in    wheelbarrows;     this 

method  was  pursued  at  the  Mona  Copper-mines  in  Anglesea. 
Iron  rails  could  not  be  laid  down  because  of  the  corrosive  action 
of  the  water,  which  would  have  rapidly  destroyed  them,  and 
therefore  wooden  planks  were  laid  in  the  centre  of  the  road,  along 
which  the  wheelbarrows  were  run. 


Fig.  433. — Methods  of  hurrying. 
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Another  method  is  to  employ  a  basket  or  box,  with  slides  like 
sledge-runners  underneath.  This  is  suitable  for  the  conveyance 
of  minerals  down  steep  inclines  for  short  distances,  and  is  often 
employed  in  thin  seams  of  coal  to  convey  the  coal  down  the 
branch  gate  to  the  waggon-way,  where  they  are  emptied  into  the 
waggon  or  into  a  heap  beside  the  waggon-way. 

The  most  usual  plan  is  to  put  the  box  or  basket  on  to  four 
wheels,  which  run  on  rails.  The  old-fashioned  kind,  still  largely 
used,  has  wheels  with  thin  edges ;  the  rail  is  shaped  like  an  angle- 
iron,  one  flat  side  laid  on  the  ground,  the  other  standing  inside, 
thus  forming  a  flange  to  guide  the  wheels.  A  much  superior 
plan  is  to  put  the  flange  on  to  a  broad  wheel,  like  a  railway 
wheel,  which  runs  along  a  round-topped  rail.  The  diameter  of 
the  wheel  varies  with  the  size  of  the  waggon  from  6  inches  to 
2  feet.  They  are  generally  now  made  of  cast  steel,  which  is 
much  lighter  and  more  durable  than  cast  iron.  Steel  rails  are 
also  now  used,  because  they  are  more  durable  than  wrought  iron. 

The  sections  of  rails  commonly  used,  as  shown  in  Fig.  434, 
are  flat-bottomed,  bridge,  and  double-headed;  flat-bottomed  are 
generally  preferred,  the  bridge  rails  being  rather  more  difficult 

Fig.  434. 


Fig.  436 

Fig-  435- 
Fig.  434. — Sections  of  rails.  -Fig.  435. — Double-headed  rail  in  chair. 
Fig.  436. — Double-headed  rail  in  fish-joints. 

to  bend  round  corners.  These  rails  are  spiked  to  the  sleeper. 
Where  double-headed  rails  are  used,  a  chair  is  necessary  (see 
Fig.  435).  To  make  a  first-class  road,  the  rails  should  be  fish- 
jointed  (see  Fig.  436)  to  prevent  the  ends  jumping  up,  or  else  a 
joint-chair  must  be  used  (see  Fig.  437).  Wrought-iron  or  steel 
sleepers  are  often  used  in  place  of  wooden  sleepers.  Where  these 
are  used,  the  rail  is  fastened  by  being  slipped  under  projecting 
clips  on  the  sleeper,  sometimes  afterwards  tightened  with  a  wedge. 
Rails  as  light  as  10  lbs.  to  the  yard  are  sometimes  used  where 
the  boxes  only  contain  3  or  4  cwt.  of  coal ;  16  to  18  lb.  rails 
are  used  for  boxes  containing  7  or  8  cwt.  of  coal ;  for  main  roads 
and  boxes  containing  10  cwt.  of  coal,  rails  25  and  35  lbs.  to 
the  yard  are  often  used. 
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Fig.  438  shows  a  set  of  cast-iron  points  and  crossings.  The 
points  are  fixed,  and  the  waggons  must  be  turned  off  by  hand  • 
but  this  kind  of  turn-out  is  frequently  only  used  for  waggons' 
coming  one  way.  Fig.  439  shows  a  similar  arrangement  where 
loose  points  are  used.  Fig.  440  shows  a  long  centre  rail  moved 
across  the  road  instead  of  ordinary  points.  Fig.  441  shows  a 
double  set  of  points  and  crossings  similar  to  those  on  a  railway. 


Fig.  438. — Cast-iron  points  and  cross- 
ings :  left-hand  turn. 


Fig.  437. — Joint-chair. 


Fig.  442  shows  A,  cast-iron  crossing ;  B,  a  turn  and  crossing ;  C, 
grooved  plate  for  pit-bottom ;  D,  cast-iron  check  rail. 

Pit  Waggons. — These  are  called  indifferently  waggons,  corves, 
tubs,  boxes,  or  carts  (see  Fig.  443).  They  are  generally  made  of 
wood,  bound  with  iron  at  the  top  and  corners,  with  iron  or  steel 
draw-bar,  iron  hoops  to  the  buffers ;  but  they  are  sometimes  made 
entirely  of  iron  or  steel,  but  have  generally  wooden  sole-pieces. 
In  the  north  of  England  iron  waggons  seem  to  have  the  prefer- 

CLOSE  point 
WjlCgj  -0/2'i 


Fig.  439.—  Cast-iron  points  and  crossings. 

ence.  The  thinner  the  material  of  which  the  waggon  is  made,  the 
greater  the  weight  it  will  hold  for  given  external  dimensions. 
The  axles  are  generally  made  of  steel ;  the  wheels  are  sometimes 
placed  between  the  sole-pieces,  but  more  often  outside  the  sole- 
pieces.  They  are  sometimes  loose  on  the  axles,  revolving  between 
collars.  This  arrangement  reduces  the  friction  to  a  minimum, 
because,  as  the  road  is  seldom  perfect,  and  there  are  always  a 
great  number  of  curves,  one  wheel  must  go  faster  than  the  other 
at  many  places.     On  the  other  hand,  unless  the  wheel  is  a  very 
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aood  fit  on  the  axle  and  between  the  collars,  it  may  wobble  and 
miss  the  points.     For  this  reason  the  wheels  are  generally  fast  on 


J£tu 


Fig.  440. 


pnq 
O 


Fig.  441-  Fig.  442. 

Fig.  440. — Swing  point  and  crossing.       Fig.  441. — Double  set  of  points  and  crossings,' 
wrought  iron.    Fig.  442. — Cast-iron  plates. 

the  axles,  like  those  of  railway  waggons,  the  axles  revolving  on 
pedestals  or  caps. 

In  some  cases  the  waggons  are  made  entirely  of  iron  bars, 
forming  a  framework  in  which  lumps  of  coal  are  placed,  and 
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Fig.  443. — Diagrams  of  pit  trams. 


through  which  any  slack  made  in  transit  falls.  This  plan  is  not 
now  in  favour,  because  of  the  amount  of  coal-dust  distributed 
along  the  roads. 

In  some  parts  of  the  Midland  Counties  the  sides  of  the  box 
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are  very  shallow,  say  only  6  inches.  As  coal  is  loaded  above  the 
side,  rings  or  garlands  of  wood  or  iron  are  placed  round  the  coal, 
four  or  five  rings  being  placed  sometimes  one  above  the  other, 
and  the  coal  is  built  up  to  a  height  of  6  feet  above  the  ground. 
This  facilitates  unloading  on  the  bank. 

Lubrication. — A  good  deal  of  attention  has  been  given  to 
the  lubrication  of  the  axles,  which  is  essential  for  economical 
haulage.  The  lubrication  is  often  effected  by  means  of  some 
grease  applied  with  a  stick  to  the  under  side  of  the  axle,  or  oil 
is  used  poured  from  a  can.  In  order  to  apply  the  lubricant,  it 
is  sometimes  necessary  to  turn  the  waggon  upside  down,  and  the 
lubricant  is  often  applied  when  the  waggon  is  upset  over  the 
screens  for  the  purpose  of  throwing  out  the  mineral.  In  some 
cases  the  waggon  is  stopped  with  the  axles  just  opposite  four 
squirts,  from  which  little  jets  of  oil  are  sent  by  a  force-pump. 

Another  plan  is  shown  in  Fig.  444.  Underneath  the  road  is 
a  tank  containing  oil ;  revolving  in  the  oil  are  two  wheels,  the  axles 
of  which  are  carried 
on  springs.  The  wag- 
gon is  run  over  these 
wheels,  which  touch 
against  the  waggon 
axle ;  the  wheels  yield- 
ing as  the  axle  passes 
over,  the  oil  on  the 
wheel  is  communicated 
to    the  axle.      Where 

this     System      Of     lubri-      FlG.  444.— Tram  axle-greaser,      i,  oil-box ;  2,  oil-wheels 
i  j    .,  rubbing  against  axle  of  tub  :  3,  wheels  and  axles  oiled 

CatlOn  IS  employed,  the  when  passing  over  oil-well. 

pedestal    is    only    on 

the  upper  side  of  the  axle;  a  collar  to  prevent  the  box  from 
being  lifted  off  the  wheels  is  fixed  a  little  on  one  side  of  the 
pedestal,  so  that  the  lubricating  wheel  comes  against  the  axle. 
These  lubricators  are  fixed  on  the  pit-bank  and  at  the  pit-bottom 
and  at  intervals  throughout  the  mine,  so  that  the  waggons  are 
oiled  perhaps  four  times  each  journey.  Sometimes  the  axle  is 
lubricated  by  grease  placed  in  bottles  fixed  in  the  sole-pieces, 
running  out  through  a  small  hole  partly  filled  with  a  pin,  as  in 
the  needle  oil-cup.  For  the  success  of  this  device,  it  is  necessary 
to  have  good  workmanship  for  all  the  parts,  and  a  uniform  quality 
of  oil. 

Hurriers  and  Horses. — When  the  waggon  has  been  loaded, 
it  is  often  taken  along  the  branch  gates,  particularly  in  thin  seams, 
by  a  lad  called  a  hurrier,  who  will  push  it  at  a  great  pace  if  the 
gradient  is  in  his  favour.    On  the  main  roads  or  where  the  height 
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is  sufficient,  a  pony  or  horse  is  employed.  A  lad  with  a  small 
horse  will  take  ten  or  twenty  times  the  weight  that  he  can  with- 
out the  horse.  Horse-haulage  is  very  convenient  and  economical 
in  all  mines  where  the  roads  are  level  or  where  a  moderate  gradient 
is  in  favour  of  the  load.  But  the  most  economical  gradient  for 
horse-haulage  is  where  the  work  done  by  the  horse  is  equal  going 
out  with  the  loaded  corf  or  coming  in  with  the  empty. 

This  gradient  may  be  calculated  by  the  following  rule  : — 
Let  G  =  fraction  representing  gradient. 

F  =  fraction  representing  friction. 

L  =  total  weight  of  loaded  train. 

E  =  total  weight  of  empty  train. 

„       ,,      L-  E 

Let  F  =  ^,  and  L  =  10  tubs  each  14  cwt.  -|-  1  lad  =  1  cwt. 
+  ^  horse  =  3  cwt.  =  144  cwt.  E  =  10  tubs  each  4  cwt.  +  10 
cwt.  of  timber  +  lad  and  £  horse  =  4  cwt.  =  54. 

Then,  applying  the  rule — 

G=IX  U4  -  54  --  J_ 
80      144  +  54     '176 

that  is,  the  gradient  is  1  in  176 — that  is  to  say,  ^  inch  per  yard, 
the  loaded  train  going  downhill  and  the  empty  train  going 
uphill. 

Jigs. — Where  the  incline  is  steep,  the  loaded  tub  going 
downhill,  no  horse  is  required,  as  the  weight  of  mineral  descending 
is  sufficient  to  pull  the  empty  waggon  up  the  hill.  A  road  so 
arranged  is  called  a  jig,  or  self-acting  incline.  The  gradient  re- 
quired for  this  may  be  calculated  from  the  following  rule  :— 
G     =  fraction  representing  gradient. 

L) 

E  >  =  same  as  before. 

F) 

K    =120  per  cent.,  or  §. 


L  +  E  + 


L  +  E 


Then  G  = - —2 —  X  F  X  K 

L  —  hi 

Let  L  =  140,  E  =  50,  and  F  =  ^. 

,    140  +  50 
140  +  50+  ^ 

Then  G  =-- 2 X  ±-  X  -  =  4- 

140  —  50  80       5        20'3_ 

or  the  gradient  must  be  not  less  than  1  in  26. 
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Tit? 

In  the  above  rule  -^ —  is  added  to  allow  for  the  friction  of 

the  drum  and  ropes ;  the  amount  of  this,  of  course,  varies  with 
every  incline  according  to  the  length,  and  character  of  the 
machinery,  and  K  is  added  in  order  to  give  the  preponderating 
weight  necessary  to  give  the  required  velocity. 

This  formula  is  for  a  simple  jig,  the  full  waggons  running  down 
on  one  line,  and  the  empties  running  up  on  another.  But  on 
many  inclines  there  is  only  one  waggon-way  ;  the  empties  are 
drawn  up  by  a  balance-weight  of  cast  iron,  which  runs  on  a  narrow 
way  beside  the  waggon-way,  or  in  the  middle  underneath  the 
waggons  (see  Fig.  469). 

This  plan  is  frequently  adopted  for  steep  inclines,  and  is  very 
convenient  where  there  are  a  number  of  branch  levels,  as  the 
waggon  can  be  stopped  at  any  level  just  as  required,  the  empty 
taken  off,  and  the  loaded  waggon  hung  on.  The  formula  for  a 
balance-jig  differs  from  the  preceding,  and  is  as  follows  : — 

Let  B  =  balance-weight,  and  the  other    letters    the  same  as 
before. 
L  =  15,  E  =  6,  and  F  =  Tj^. 
B=  n,  K  =  f. 

L+B+i±» 

Then  G  = 5_  xFxK=  — 

L  —  B  117 

In  the  above  case  the  friction  is  given  as  T-nr>  because  the 
waggon  is  carried  on  a  trolley  with  large  wheels.  The  accuracy 
of  the  foregoing  rules  is  proved  as  follows  :  For  the  horse-road, 
the  strain  is  to  be  equal  going  both  ways. 

Let  T  =  the  tractive  force  required  for  full  road. 
T'  =  the  tractive  force  required  for  empty  road. 

Then  T=LxF-LxG 

This  is  evident,  because  the  tractive  force  equals  the  load  X  the 
fraction  representing  friction,  and  subtracted  from  this  is  the  load 
multiplied  by  the  fraction  representing  the'  gradient,  because 
gravity  is  helping  the  train  on. 

T  =  (E  x  F)  +  (E  X  G) 

because  the  force  required  to  draw  the  empties  equals,  of  course, 
their  weight  X  the  fraction  representing  friction,  and  added  to  this 
their  weight  x  the  fraction  representing  gradient,  because  they  ai'e 
going  uphill.     But  by  the  hypothesis  T  =  T' ; 

/.  LxF-LxG  =  ExF  +  ExG 

and  by  transposition  (L  —  E)F  =  (E  +  L)G 
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and  by  transposition  G  =  '  _    ,    / 

jjj  +  L, 

which  is  the  rule. 

In  the  case  of  the  simple  jig,  leaving  out  K,  the  strain  of  the 

descending  train  is  equal  to  the  strain  of  the  ascending  train  upon 

the  rope. 

Let  T  =  the  strain  of  the  descending  train. 

T  =  the  resistance  of  the  ascending  train,  and  the  friction 

of  both  trains  and  machinery. 

T  =  L  x  G ;  that  is  to  say,  it  equals  the  weight  of  the 

loaded  train  x  the  fraction  representing  gradient. 

T'  =  ExG+(L  +  E  +  ^-^)f  ;    that   is   to    say,    it 

equals  the  weight  of  the  empty  train  multiplied  by  the  fraction 
representing  the  gradient,  added  to  the  weight  of  both  full  and 
empty  trains  multiplied  by  the  fraction  representing  friction  +  £ 
of  the  weight  of  full  and  empty  trains,  added  on  account  of  the 
weight  of  the  drum  and  rope  multiplied  by  the  fraction  repre- 
senting friction. 

Since  by  the  hypothesis  T  =  T'— 


LxG  =  ExG4-(L  +  E  +  J±±J?V 

or  by  transposition  (L  -  E)G  =  (L  +  E  +  L  +  E\f 

L  +  E 

L  +  E+— ~- 

or  by  transposition  G  = ——5 —  F 

Li  —  E 

which  is  the  rule. 

The  result  is  multiplied  by  K  in  order  to  give  the  extra  steep- 
ness required  to  obtain  velocity.  The  rule  for  a  balance-jig  may 
be  proved  in  a  similar  manner. 

Fig.  445  l  shows  plan  and  section  of  an  ordinary  jig.  There 
are  three  rails  from  the  top  to  the  middle  of  the  pass-by,  then  a 
double  road ;  below  the  pass-by  a  single  line,  and  at  the  bottom 
a  double  road ;  at  the  top  a  bank-head  is  made,  that  is  to  say, 
the  roof  is  cut  down  to  make  a  nearly  level  place.  At  the  bottom 
a  flat  is  made  by  taking  up  the  floor  at  the  start,  the  loaded 
waggons  are  pushed  along  over  the  hill  where  it  is  very  steep, 
this  gives  them  greater  power  to  acquire  velocity.  Fig.  446  shows 
a  jig  drum,  and  Fig.  447   a  jig  wheel.      It  is  perhaps  hardly 

1  The  plan  and  section  are  broken  in  the  centre  in  order  to  shorten  the 
drawing. 
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necessary  to  remark  that  the  lightest  gradient  on  which  a  jig  can 
act  depends  partly  on  the  weight  of  the  train  and  partly  on  the 


3  RAILS 


2   RAILS 


4  RAILS 
Fig.  445. — Jig  :  plan  and  section.    Dotted  lines  show  position  of  coal-seam 

length  of  the  incline.   The  heavier  the  train  the  lighter  the  gradient 
on  which  it  will  be  possible  to  run  a  train  ;  the  longer  the  incline 


S////MZ7/. 


Fig.  446. — Jig-drums. 


the  heavier  the  ropes  and  drums,  and  consequently  the  steeper 

the    incline    required    to 

make  it  work,  unless  the 

endless    rope    or    chain 

system    is    adopted,    in 

which  case  the  length  of 

incline  will  not   be  very 

material,  as  it  will  be  in 

exact  proportion  to  the 

weight  of  the  train. 

Whilst  the  self-acting 
incline   is    the    cheapest  L    r.  tlake.5trap.  2)brake.iever. 

mode  of  haulage  where  3,  jig-wheei. 

z 
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the  gradient  is  suitable,  and  horse-haulage  is  the  cheapest  for 
levels  where  the  tonnage  is  not  very  great,  engine-haulage 
must  be  adopted  on  all  levels  having  a  large  tonnage,  and  upon 
all  inclines  where  the  load  is  drawn  uphill.  It  has  been  said  by 
mining  engineers  of  great  experience  that  it  pays  to  use  a  steam- 
engine  for  haulage  wherever  the  work  on  one  road  is  such  as  to 
require  five  horses  and  five  drivers.  But  this  statement,  of  course, 
requires  some  qualification. 

The  following  are  some  methods  of  hauling  by  engine-power. 

Single  Rope. — Where  the  incline  is  sufficiently  steep  for  the 
waggons  to  run  down,  pulling  after  them  a  rope  which  has  been 
coiled  on  the  drum,  a  single  rope  and  road  are  conveniently  used ; 
the  waggons  are  lowered  down  to  the  bottom  of  the  drift  by 
means  of  a  brake  on  the  drum.  For  hauling  up,  the  drum  is 
connected  to  an  engine  by  means  of  a  clutch,  which  then  winds 
up  the  drum.  Any  number  of  intermediate  landings  can  be 
worked  by  this  system  by  having  points  to  guide  the  descending 
train  into  the  landing,  the  engine-man  being  duly  signalled  which 
landing  he  is  to  stop  at.  Electric  signals  are  generally  used  on 
long  inclines  as  being  easier  and  quicker  to  use  than  lever  signals. 
Sometimes  it  is  desired  that  the  full  train,  after  being  drawn  to 
the  top  of  the  incline,  shall  run  without  stopping  to  the  pit-bottom. 
This  may  be  effected  by  an  automatic  means  of  disconnecting  the 
rope  from  the  train  at  the  top  of  the  incline,  as  shown  in  Fig.  448. 


MWW////rM////MMvMS/SM,/,ZC 


Enlarged  view  of  jockey  and  fork. 


Fig.  448. — Single-rope  haulage.      I,  kicker-beam  and  jockey  at  top  of  incline  ; 
2,  single-rope  drum  and  engine  ;  3,  road  to  pit-bottom ;  L,  fork. 

A  bell  crank-lever,  called  a  jockey,  is  clipped  on  to  the  front 
and  the  first  waggon.  At  the  top  of  the  incline  this  strikes 
against  a  cross-bar,  and,  being  thrown  back,  the  lower  arm  of 
the  lever  pulls  out  a  pin  by  which  the  rope  is  connected  to  the 
waggon. 

Tail-rope   Haulage  (see  Fig.  449). — Where  the  incline  is 
not  sufficiently  steep  or  not   sufficiently  uniform  for  the  empty 
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train  to  run  in-by  all  the  way,  it  is  necessary  to  pull  it  by  means 
of  another  rope.  This  rope  is  generally  attached  to  an  engine 
near  the  shaft  or  top  of  the  incline,  but  it  is  taken  on  pulleys 


CROSS  -CUT       WAY 


Fig.  449. — Tail-rope  system. 


fixed  on  one  side  of  the  road  down  to  the  in-by  end  of  the  engine- 
plane,  and  there  passes  round  a  pulley  and  comes  back  along  the 
waggon-road,  and  is  fastened  to  the  front  end  of  the  empty  set 
near  the  pit-bottom.  This  rope  is  called  the  tail  rope,  and  is  thus 
seen  to  be  twice  the  length  of  the  engine-plane.  This  tail  rope 
is  wound  up  on  a  drum  by  an  engine,  which  in  so  doing  pulls  the 
empty  train  in-by.  The  main  rope  is  hung  to  the  rear  of  this 
train,  and  when  it  has  got  to  the  end  of 
the  plane  the  main  rope  is  then  unhooked 
from  the  empty  set  and  fastened  to  the 
front  of  the  full  set,  the  tail  rope  being  also 
unhooked  from  the  empty  set  and  hooked 
to  the  rear  of  the  loaded  set.  The  engine- 
man  then  winds  up  the  main-rope  drum, 
and  the  loaded  set  is  drawn  to  the  pit- 
bottom,  pulling  after  it  the  tail  rope. 

Sometimes  the  main  and  tail  rope 
drums  (see  Fig.  449a)  are  on  separate 
shafts,  connected  by  spur-gearing  to  the 
engine.  By  means  of  levers  the  spur-wheel 
on  the  engine-shaft  can  be  thrown  into  Fig.  4493.— Tail  iope  engine. 
gear  with  either  the  main  or  tail  rope  drum 

as  required.  In  other  cases  both  drums  are  loose  on  one  shaft, 
and  alternately  fixed  by  clutches.  Branch  roads  can  be  worked 
off  the  main  road  without  difficulty.     When  the  empty  set  is 
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going  in-by  and  gets  to  the  branch,  the  tail  rope  is  then  discon- 
nected, and  another  tail  rope  belonging  to  the  branch  is  hooked 
on  to  the  front  of  the  empty  set ;  the  other  end  of  the  branch 
rope,  which  just  goes  as  far  as  the  beginning  of  the  branch  road, 
is  then  connected  to  the  tail  rope,  the  in-by  part  of  which  belong- 
ing to  the  main  road  is  at  the  same  time  disconnected.  The 
engine-man   now  continues  to  wind  up  the  tail-rope  drum,  and 

the     empty    set    is 
fl  __     / ,  pulled  forward  by  the 

branch  tail  rope,  and 
therefore  goes  along 
the  branch,  the 
points  being  set  ac- 
cordingly. Any  num- 
ber of  branches  that 
is  convenient  may 
be  used  on  this 
system. 

This  method  of 
haulage  has  been 
carried  to  great  per- 
fection. The  under- 
ground railroads  are 
laid  with  rails  of 
great  weight,  from 
25  to  50  lbs.  to  the 
yard,  with  fished 
joints  and  uniform 
gauge.  At  the  curves 
there  are  check-rails 
and  rollers  (see  Fig. 
450)  to  guide  the 
main  rope  round  the 
curve  as  well  as  the 
tail  rope.     The  speed  of  hauling  often  reaches  10  miles  an  hour. 

Endless  Chain. — In  the  endless-chain  system  there  is  a 
double  waggon-way  throughout.  The  empty  waggons  are  always 
going  in,  and  the  full  waggons  always  coming  out.  They  are 
spaced  in  distances  of  from  10  to  30  yards  apart,  according  to  cir- 
cumstances, but  always  equidistant  (see  Fig.  45 1).  A  chain  is  laid 
over  the  top  of  the  waggons  along  the  whole  length  of  each  road. 
The  chain  passes  round  a  return  wheel  at  the  in-by  end  of  the 
road,  and  round  a  drum  near  the  pit.  The  drum  is  on  a  vertical 
shaft  (see  Fig.  45  la),  the  chain  passes  four  or  five  times  round 
it,  so  as  to  give  sufficient  adhesion.    The  drum  is  like  a  pulley 


'AIL  ROPE 


Fig.  450. — Methods  of  taking  ropes  round  a  curve,     x,  check- 
rails  ;  2,  travelling-road. 
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with  a  very  wide  and  shallow  groove.  Across  the  groove  are 
placed  steel  bars  tapering  inwards  towards  the  bottom ;  a  flange 
at  the  bottom  prevents  the  chain  from  slipping  off.     The  chain 


Fig.  451. — Plan  of  endless  chain. 


fi  INCLINE  CHAIN  RUNS  ON 
THIS  WHEEL  lli  TIMES  ROUND. 
KEY  TO  CONNECT  BOTH  WHEELS. 
%    LEVEL  CHAIN  ON  THIS 
WHEEL   lli   TIMES    ROUND. 
WHEEL  LOOSE  ON  SHAFT. 


comes  on  at  the  top  and  off  at  the  bottom,  slipping  down  on 
these  steel  ribs ;  whilst  one  link  lies  flat  upon  the  steel  rib,  the 
next  link  catches  against  it,  and  as  there  are  a  great  number  of 
these  links  catching  against 
the  ribs,  the  chain  is  pre- 
vented from  slipping  round. 
The  weight,  of  the  chain 
lying  upon  the  top  of  the 
boxes  is  sufficient  to  drag 
them  along  in  case  the 
road  is  level.  But  in  many 
cases  an  iron  fork  is  fixed 
at  the  back  of  the  waggon 
(see  Fig.  452),  into  which 
the  chain  drops,  and 
through  which  the  next 
link  will  not  pass.  With 
this  kind  of  fork  the  wag- 
gons can  be  drawn  up  a 
very  moderate  gradient,  of 
say  2  or  3  inches  in  the 
yard.  If  the  gradient  is 
much  steeper,  a  short 
chain  is  used  to  attach  each  tub  to  the  main  chain ;  one  end  is 
hooked  into  a  link  in  the  large  chain,  and  the  other  end  is 
hooked  to  the  waggon.  As  the  chain  is  continually  moving,  and 
two  roads  are  at  work,  a  comparatively  small  speed  suffices  to 
convey  a  large  tonnage  to  the  pit-bottom.  A  speed  of  4  miles 
an  hour  by  this  system  will  convey  as  much  coal  as  a  speed  of  10 


Fig.  45t«. — Endless  chain  driving-wheels. 
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miles  an  hour  with  the  tail-rope  system.  A  common  speed  is  about 
2  miles  an  hour.  The  nearer  the  waggons  are  together,  the  greater 
the  tonnage  delivered  for  any  given  speed. 

At  the  end  of  the  main  road  there  may  be  one  or  more 
branches  or  extensions.  If  that  is  so,  the  main  chain  is  taken 
three  or  four  times  round  a  drum  on  a  vertical 
shaft,  and  branch  chains  are  taken  from  other 
drums  on  the  same  shaft,  and  these  branch 
roads  may  again  be  extended  in  a  similar 
fashion.  As  there  is  not  so  much  coal  coming 
down  the  branch  road  as  down  the  main  road, 
the  tubs  will  be  spaced  at  greater  distances 
apart  on  the  branch  roads,  and  the  driving- 
drum  for  these  roads  will  also  be  of  smaller 
diameter  than  the  drum  driven  by  the  main  chain.  Where 
branches  worked  by  horse  enter  the  main  road,  the  main  chain 
may  be  lifted  up  and  carried  on  pulleys,  and  flat  sheets  laid 
down  on  the  main  road,  on  which  to  turn  the  waggons  coming 
out   of  the   branch,   and   empties  on   the   main  road  required 


Fig.  452. — Fork  on 
tub. 


Fig.  453. — Self-acting  curve. 


for  the  branch.  If  there  is  a  curve  on  the  road,  the  chain  is 
guided  round  by  pulleys,  but  the  waggons  are  detached  from  the 
chain  whilst  passing  round  the  curve.  The  curve  may  be  made 
self-acting,  or  nearly  so,  in   the  manner  shown  in  Fig.  453,  by 
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slightly  raising  the  full  road  as  it  approaches  the  curve;  the 
waggons,  having  been  detached  from  the  chain,  will  run  down 
again  and  reunite  with  the  chain  beyond  the  curve.  The  empty 
road  is  arranged  in  the  same  way. 

The  chain  is  sometimes  placed  in  a  hook  on  one  side  of  the 
tub  instead  of  passing  over  the  top.  This  is  more  convenient 
where  the  coal  is  loaded  above  the  top  of  the  tub.  In  some  cases, 
though  rarely,  the  chain  is  placed  on  the  ground  underneath  the 
waggon,  being  supported  by  rollers  at  short  intervals.  An  ex- 
ample of  this  is  given  in  the  Report  of  the  North  of  England 
Underground  Haulage  Committee.  In  this  case  the  chain  is 
working  on  an  incline  having  a  gradient  of  18  inches  in  the  yard, 
600  yards  in   length.     The  waggons  weigh  10  cwt.  each  when 


Fig.  454. — Endless  chain  :  steep  incline  (South  Wales). 

empty,  and  contain  15  cwt.  of  coal,  placed  50  yards  apart.  The 
hauling-chain  is  made  of  iron  i£  inch  in  diameter,  and  each  link  is 
7  inches  long;  total  weight,  22  tons.  The  drum,  or  driving-wheel, 
is  10  feet  3  inches  in  diameter.  The  engine  has  one  cylinder 
25  inches  in  diameter,  4  feet  5  inches  stroke ;  the  speed  is  reduced 
by  gearing,  so  that  the  chain  moves  2  miles  an  hour.  There  are 
eight  stations  on  the  chain.  The  waggon  is  attached  by  a  chain 
2  feet  6  inches  long,  of  f-inch  iron,  with  a  hook  on  each  end. 
The  landings  are  made  by  means  of  movable  platforms,  which 
can  be  lifted  up  by  the  aid  of  a  balance-weight  to  let  the  waggons 
pass  under,  or  drawn  down  to  form  a  landing  (Fig.  454).  The 
empty  tub  running  on  to  these  is  instantly  unhooked  and  run  out 
of  the  way.     The  full  tub  is  run  on  to  these  and  turned  round, 
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and  hooked  on  to  the  main  chain  and  drawn  up  the  hill,  the 
platform  being  raised  again  to  let  the  next  waggon  pass  under. 

The  endless-chain  system  is  largely  adopted,  and  is  very 
economical;  a  comparatively  inexpensive  road  will  do,  because 
of  the  slow  speed  of  haulage,  and  almost  any  tonnage  can  be 
brought  along  a  double  road  on  this  system.  A  comparatively 
small  engine  also  is  required,  because  the  engine  only  has  to  drag 
the  nett  load  of  coals  uphill.  Of  course,  there  is  the  friction  of 
the  whole  system  to  overcome,  but  upon  inclines  the  empty 
waggons  going  downhill  balance  the  waggons  coming  up,  all 
except  the  coals;  and  if  the  gradient  should  be  uneven,  the 
attachment  of  all  the  waggons  on  the  haulage  road  to  one  chain 
equalizes  the  gradient,  so  that  the  engine  has  to  pull  the  nett 
load  of  coals  up  an  average  gradient.  If  one  of  the  inclines 
comes  from  rise  workings,  so  that  the  load  is  going  downhill  and 
is  connected  to  the  chain  system,  the  coals  coming  down  this 
incline  may  balance  other  coals  coming  up  another  incline,  and 
thus  the  power  required  for  the  whole  pit  may  be  no  more  than 
if  it  was  quite  level. 

The  objections  to  this  system  are  that  it  is  necessary  to  have 
a  wide  road  for  the  double  waggon-way,  and  wider  still  for  men 
and  horses  to  pass,  unless  there  is  a  separate  travelling  road  for 
them. 

Endless  Rope. — The  principle  of  this  is  exactly  similar  to 
the  endless  chain,  the  difference  is  only  in  the  detail.  If  the 
endless  rope  goes  over  the  top  of  the  tub,  the  tubs  may  be 
attached  to  it  by  short  lashing  chains,  one  end  of  which  is  hooked 
to  the  tub,  and  the  other  is  twisted  round  the  hauling  rope  (see 

Fig-  455)- 

Instead  of  tying  this  chain  to  the  hauling-rope,  a  clip  is  often 
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Enlarged  view  of  connection. 
Fig  455- — Endless  rope  :  attachments. 


used,  of  which  Fig.  456  shows  one  example  out  of  a  great  many. 
Another  method  is  to  fix  an  iron  pin  with  a  hook  on  the  top  of 
it  into  a  socket  on  the  back  of  the  tub  (see  Fig.  45  7).     The  rope 


UNDERGROUND  HAULAGE:    JIGS,   ETC.  345 

lies  in  the  hook,  and  is  thus  carried  over  the  top  of  the  coals  in 
the  waggon.     The  strain  of  the  hauling-rope  on  the  hook  causes 


Front  View  Side  view 

Fig.  456.— Endless  rope  :  clip. 

the  pin  to  turn  in  the  socket.     This  causes  the  sides  of  the  hook 
to  jam  against  the  rope,  which  is  so  prevented  from  slipping.     In 


Fig.  457. — Connection  of  rope  with  tubs.     A,  longitudinal  section  ;  B,  cross-section,  showing 
connection,     i,  hauling-rope  ;  2,  connection  between  tub  and  rope. 

many  cases  the  rope  is  underneath  the  waggons,  carried  on  rollers 
laid  in  the  centre  of  the  road ;  the  waggons  are  then  attached 
singly  or  in  trains  (see  Fig.  457a). 


Fig.  457a. — Endless  rope  :  haulage,  general  view  :  rope  under  tubs. 


In  the  case  of  a  long  train,  the  rider  holds  a  pair  of  tongs  (see 
Fig.  458)  fastened  by  a  short  chain  to  the  front  waggon.     With 


346 


MINING. 


these  tongs  he  clips  the  rope,  which  then  drags  the  train.  To 
stop  the  train  he  opens  the  tongs.  Sometimes  the  rope  is  clipped 
by  means  of  plates  brought  together  with  a  screw,  and  the  train 
is  sent  on  without  a  rider. 

Another  kind  of  clipping  is  made  dependent  on  the  resistance 
of  the  train,  similar  to  that  shown  in  Fig.  455  ;  or  in  another 
way  in  Fig.  459.  There  are  a  great  variety  of  these,  clips,  and 
some  of  them  are  patented. 

Movement  is  given  to  the  rope  sometimes  by  means  of  a 


To  Tub 


Fig.  459. — Ditto :  wedge-clips. 


Fig.  458. — Endless  rope  :  tongs. 


drum  known  as  Fowler's  clip  (see  Fig.  460).  In  this  case  the 
circumference  of  the  wheel  is  surrounded  with  a  number  of  hinged 
clips  which  form  the  groove  in  which  the  rope  rests.  The 
pressure  of  the  rope  in  the  bottom  of  this  groove  by  twisting  the 
clips  reduces  the  width  of  the  groove,  and  so  clips  the  rope 
tighter.  The  original  width  of  the  groove  must  be  adjusted  with 
some  care  to  the  size  of  the  rope.     In  order  that  this  may  be 


Shaft 


Fig.  460. — Fowler's  clip  pulley. 

done,  one  row  of  clips  is  carried  on  a  rim  screwed  on  to  the  body 
of  the  pulley ;  by  turning  this  screw  the  clips  can  be  brought 
nearer  together  or  further  apart  as  required.  The  successful  use 
of  the  pulley  depends  upon  this  adjustment.  Another  device  is 
Barraclough's  (see  Fig.  461).  In  this  case  the  periphery  of  the 
wheel  is  surrounded  with  short  movable  clips,  but  these  slide  on 
an  incline  instead  of  being  hingecl.     They  are  brought  together 
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Fig.  461.- 


by  the  pressure  of  the  rope,  so  giving  the  requisite  adhesion ;  and 
sent  out  again  by  a  spring  under  each  pair  of  clips,  as  shown  in 
section  in  the  figure. 

Another  method,  shown  in  Fig.  462,  is  to  make  the  periphery 
of  the  drum  or  pulley  wider  than  necessary  for  the  rope,  and  then 
in  this  rim  to  put  a  crooked 
groove.  The  rope  lying  in 
this  groove,  bent  by  its  twists, 
cannot  easily  be  drawn  through, 
but  has  to  go  round  with  the 
pulley  or  drum.  Another  plan 1 
is  to  have  an  ordinary  grooved 
pulley,  and  at  intervals  of  say 
18  inches  a  fork  made  of  square 
steel  about  §  inch  is  placed 
in  the  groove,  the  shank  pass- 
ing through  the  body  of  the 
pulley,  and  secured  by  a  nut  on  the  under  side.  The  edges  of 
this  fork  catch  against  the  rope  and  prevent  it  from  slipping. 
This  plan  is  said  to  be  satisfactory  by  those  who  have  tried  it. 

Another  method  is  to  use  a  very  wide  grooved  pulley  or 
drum,  the  lower  flange  of  which  is  very  deep.  In  this  case  the 
rope  may  be  coiled  five  or  six  times  in  a  spiral.  As  the  drum 
turns,  the  rope  comes  off  at  the  lower  part  of  the  groove,  and 
comes  on  at  the  upper  part.  The  tendency  of  the  coil  is  to  rise 
up,  but  it  slips  down  the  side  of  the  groove.  There  is  thus  a 
continual  slipping,  but  the  ropes  are  found  to  wear  remarkably 
well.  Five  or  six  years  of  hard  work  are  recorded  as  the  life  of 
the  rope  working  over  these  drums. 

Another  method  of  driving  the  rope  is  by  means  of  a  driving- 
pulley  or  drum  and  guide-wheel  (see  Fig.  463).     Each  of  these 


-Barraclough's 
clip. 


Fig.  462.— Grip 
pulley. 


Fig.  463. — Endless  rope  :  three-groove  and  two-groove  wheels. 

wheels  is  grooved  to  fit  the  rope,  the  driving-wheel  having  an 
extra  groove,  sometimes  as  many  as  six  grooves  in  the  driving- 
wheel  to  five  in  the  guide-wheel.  In  working,  the  rope  comes 
on  to  the  driving-wheel,  passing  half  round,  and  then  over  the 
guide-wheel  half  a  turn,  then  in  the  next  groove  of  the  driving- 

1  Blackburn's  patent. 
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wheel  half  a  turn,  again  into  the  second  groove  on  the  guide- 
wheel,  and  so  on — sometimes  going  straight  from  the  driving- 
wheel  to  the  guide-wheel,  sometimes  diagonally,  forming  the  rope 
into  the  figure  8 ;  but  this  figure-of-8  plan  is  more  injurious  to 
the  rope.  By  a  careful  adjustment  of  the  inclination  of  the  guiding- 
wheel,  the  rope  may  leave  and  enter  each  groove  of  the  driving 
and  guiding  wheels  without  any  slipping  on  the  flanges.  All 
these  methods  of  giving  adhesion  to  the  driving-rope  are  also 
adopted  for  self-acting  inclines. 

Some  method  of  tightening  the  endless  rope  or  taking  up 
slack  caused  by  stretching  is  usually  adopted.  The  best  plan  is 
to  take  up  the  slack  from  the  rope  as  it  leaves  the  driving-wheel, 
because  at  this  point  there  is  no  strain  on  the  rope,  which  may 
be  passed  round  a  pulley  fixed  on  a  movable  frame  (see  Fig.  464). 


To  Plans 


Fig.  464. — Endless  rope  :  tightening  wheel. 

To  this  frame  is  attached  a  chain  which  passes  over  a  pulley,  a 
weight  being  hung  at  the  end.  This  weight  pulls  the  carriage 
and  the  tightening-pulley,  and  if  an  undue  strain  occurs  the 
tightening-pulley  gives  way,  and  when  the  strain  is  less  the  slack 
is  taken  up  instantly.  The  tightening-pulley,  however,  is  often 
placed  at  the  further  end  of  the  road  in-by.  In  this  case  a  heavier 
weight  is  required  for  tightening.  It  is  inadvisable  to  have  the 
rope  tighter  than  is  absolutely  necessary,  as  this  causes  undue 
friction  round  curves  and  elsewhere.  In  some  cases,  with  the 
rope  working  on  the  top  of  the  tubs,  it  may  be  quite  slack  with 
advantage. 

Application  of  Various  Systems. — Each  of  the  above 
systems  of  haulage  has  to  be  used  or  discarded  according  to  the 
special  circumstances  of  the  case.  Fig.  465  shows  a  plan  of  a 
mine  in  which  various  methods  of  haulage  are  adopted,  each 
system  being  specially  suited  to  the  requirements  of  the  district 
to  which  it  is  applied.  It  will  be  noted  that  there  are  six  methods 
of  haulage.  The  seam  being  thin,  and  the  gate  roads  consequently 
low,  hurriers  are  employed  to  bring  the  coal  to  the  cross-level. 
Sufficient  height  is  here  made  for  ponies,  by  which  the  coal  is 
taken  to  the  engine  or  gravitation  systems  of  haulage.      The 
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inclination  of  the  seam  being  about  i  in  1 2,  the  coal  is  lowered 
from  the  upper  cross-roads  to  the  main  level  by  self-acting  in- 
clines. The  main  level,  having  to  carry  a  large  tonnage,  is  worked 
by  endless  rope ;  No.  2  incline  is  worked  by  a  single  rope ;  No.  1 
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Fig.  465. — Plan  of  mine,  showing  methods  of  haulage.     _t,  endless-rope  plane  ;■  2f  single-rope 
plane  ;  3,  main  and  tail  rope  plane  ;  4,  self-acting  incline  ;  5,  horses ;  6,  hurriers. 

incline  has  a  tail  rope,  because  the  lower  level  has  been  driven 
out  for  a  length  of  over  iooo  yards,  and  it  is  therefore  con- 
venient to  apply  engine-power  for  this  length  of  level  road. 

Locomotives. — These  are  sometimes  used  in  mines.  The 
ordinary  steam  locomotive  with  the  funnel  cut  down  is  sometimes 
used  in  American  mines ;  it  is,  however,  a  very  disagreeable  and 
dangerous  thing  to  have  in  the  mine.  When  it  gets  off  the  rails 
there  is  danger  of  setting  fire  to  the  timber,  and  in  any  case  it 
fills  the  road  in  which  it  works  with  smoke.  This  road  must,  of 
course,  be  the  return-air  road,  as,  if  it  were  in  the  intake  road, 
the  mine  would  be  unbearable. 

Compressed-air  Locomotives. — To  overcome  the  annoy- 
ance from  the  use  of  steam  locomotives,  compressed  air  is  used. 
Such  an  engine  is  similar  to  a  steam  locomotive,  but  there  is  no 
fire,  and  the  boiler  is  a  simple  shell  or  cylinder  of  steel,  which  is 
filled  with  air  at  a  high  pressure,  say  from  200  to  400  lbs.  on  the 
square  inch.  These  have  been  largely  used  in  the  long  railway 
tunnels  through  the  Alps.  A  smaller  kind  was  patented  by 
Messrs.  Lishman  and  Young,  of  Durham,  and  was  set  to  work  at 
the  Newbottle  Colliery. 

These  machines  were  of  three  sizes,  the  smallest  with  cylinders 
3  inches  diameter,  weighing  17  cwt. ;  the  next,  cylinders  3J  inches 
diameter,  6  inches  stroke,  receiver  holding  40  cubic  feet,  and  the 
total  weight  being  27  cwt. ;  and  the  largest,  cylinders  4$  inches 
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diameter,  8  inches  stroke,  receiver  holding  50  cubic  feet,  total 
weight  3  tons  (Figs.  466,  467).  The  pressure  of  air  used  was 
about  200  lbs.  Large  air-compressors  on  the  surface  force  the 
air  into  pipes  going  down  the  shaft  and  passing  along  the  level 
worked  by  the  locomotives.  At  the  pit-bottom,  and  at  several 
stations  along  the  level,  were  fixed  branches  and  taps,  at  which 
the  locomotives  could  take  in  a  fresh  charge  by  means  of  a 
union-screw  coupling ;  by  this  means  a  fresh  charge  is  taken,  in 
from   about  fifteen  seconds  to  a  minute,  the  latter  time  being 


Figs.  466,  467. — Compressed-air  locomotive. 

required  to  completely  fill  the  receiver.  But  by  allowing  a 
difference  between  the  pressure  in  the  locomotive  and  that  in  the 
pipe,  the  time  occupied  in  charging  is  greatly  reduced.  The 
locomotives  will  run  a  distance  varying  from  a  quarter  to  half  a 
mile,  or  more  if  necessary,  without  taking  in  a  fresh  charge.  The 
advantage  of  the  locomotive  is  that  it  will  go  along  very  crooked 
roads  as  long  as  the  rails  are  carefully  laid  at  proper  curves,  and 
that  only  a  single  road  is  necessary  for  a  considerable  traffic. 

The  disadvantages  are  the  necessity  of  maintaining  a  first- 
class  road  to  avoid  derailment,  and  that  the  system  is  not 
adapted  to  any  but  level  roads.  It  is  well  known  that  the 
locomotive  works  at  a  great  disadvantage  on  an  incline  even  as 
moderate  as  i  in  30.  Therefore  this  mode  of  conveyance  should 
only  be  introduced  in  those  places  where  the  gradient  of  the 
intended  haulage  road  and  its  possible  extensions  is  known  to  be 
level. 

Electric  Locomotives. — As  long  ago  as  1883  the  writer 
saw  an  electric  locomotive  working  at  the  Zaukeroda  Colliery, 
near  Dresden.  Since  then  one  or  two  more  electric  locomotives 
have  been  set  to  work  in  European  mines,  and  some  have  also 
been  adopted  in  the  United  States. 
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Fig.  468  shows  the  arrangement  at  Zaukeroda.  On  the  surface 
is  -a  steam-engine  with  cylinder  10  inches  diameter,  8  inches 
stroke;  the  fly-wheel  makes  200  revolutions  a  minute,  and  by 
means  of  a  belt  the  dynamo  is  driven  660  revolutions.  Two 
copper  conductors  pass  down  the  shaft  242  yards  deep,  and  are 
there  connected  with  iron  conductors  fixed  to  the  timbers  in  the 
roof  of  the  level,  which  is  792  yards  long ;  one  of  these  conductors 
is  for  the  positive  or  intake  current,  and  the  other  for  the  negative 
or  return  current.  The  locomotive  contains  a  motor  connected 
to  the  axle  by   spur-gearing.     The   current  is  taken  from  the 

Enlarged  sketch  of  sliding  contact-maker. 


Fig.  468. — Electric  haulage. 
2,  iron  bars  carrying  current ; 
pushing  train- 


rollers  making  contact ; 
insulated  bolts  ;  4,  motor 


iron  conductors  to  the  locomotive  by  means  of  brass  travellers, 
which  grip  the  lower  end  of  the  iron  conductor  with  four  rollers  ; 
a  copper  wire  passes  from  the  traveller  to  the  motor.  As  the 
locomotive  moves  it  drags  the  traveller  along.  In  order  to  save 
the  copper  wire  from  undue  strain,  a  short  rope  is  fastened  to  the 
travellers  and  the  locomotive.  The  speed  of  the  loaded  train  was 
6  miles  an  hour,  and  that  of  the  empty  train  8  miles.  Each  train 
consisted  of  eighteen  waggons  weighing  each  when  empty  5  cwt., 
and  holding  10  cwt.  of  coal. 

In  more  recent  electric  locomotive  haulages,  some  modification 
has  been  made  in  the  conductors  and  mode  of  connection  with 
the  locomotive,  but  the  chief  features  remain  the  same. 
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On  every  incline  provision  must  be  made  against  accidents 
through  waggons  becoming  uncoupled  or  the  rope  breaking.  The 
precautions  taken  to  effect  this  are  as  follows  : — 

Behind  the  train  is  hinged  a  strong  iron  fork,  which  is  dragged 
along  by  the  train.  The  construction  of  this  fork  is  such  that 
if  the  rope  should  break,  and  the  train  should  back,  the  points 
of  the  fork  will  stick  into  the  ground,  and  lift  up  the  lower  end 
of  the  waggon  and  throw  it  off  the  rails,  thus  bringing  the  train 
to  a  stop  before  it  has  acquired  any  great  velocity. 

Another  device  is  to  have  points  and  crossings  so  arranged 
that  the  descending  train  will  be  thrown  off  the  road.  This,  again, 
is  only  suitable  for  a  road  where  the  traffic  goes  only  one  way. 
But  points  may  be  laid  in  a  single  road  with  traffic  going  both 
ways,  that  can  be  opened  when  required  to  throw  the  train  off 
the  road.  The  point  is  moved  by  a  lever  connected  by  a  wire 
cord  with  the  top  or  bottom  of  the  incline,  so  that  the  brakes- 
man or  hanger-on  can  open  these  points  if  there  is  a  runaway 
train.  At  the  top  of  each  incline  are  movable  stop-blocks,  which 
must  be  always  placed  in  position  when  the  train  is  at  the  top. 

Where  a  long  train  of  waggons  is  coupled  together,  a  safety- 
chain  is  often  laid  over  the  tubs  from  end  to  end,  and  fastened 
to  the  rope  in  front  and  to  the  rear  of  the  waggon,  so  as  to 
prevent  any  of  the  tubs  from  running  back  in  case  a  draw-bar  or 
coupling  should  break. 

Draw-bars. — It  is  evident  that  the  draw-bar  of  a  pit-waggon 

must  be  made  to  suit  the  method 
of  haulage.  Where,  for  instance, 
the  endless-chain  haulage  is 
adopted  throughout,  and  the  wag- 
gons are  brought  from  the  work- 
ings on  to  the  chain  by  boys,  no 
draw-bar  at  all  is  required.  But 
if  half  a  dozen  or  more  waggons 
are  brought  to  the  chain  by 
means  of  a  pony,  then  the  draw- 
bar must  be  strong  enough  to 
stand  such  a  strain  as  the  pony 
can  apply.  But  if  the  waggons 
are  drawn  up  an  incline  by  an 
engine,  or  lowered  down  by  a 
brake  in  long  trains,  then  the 
draw-bars  must  all  be  strength- 
ened, so  that  when  the  rope  is 
attached  to  the  draw-bar  of  the  front  waggon,  and  has  to  pull  a 
train  of  perhaps  forty  or  fifty  or  even  a  hundred  waggons  behind  it. 


Fig.  469. — Slope-carriage  and  balance- 
weight. 
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up  a  steep  incline,  it  may  be  strong  enough  to  perform  this  work. 
Thus  it  is  sometimes  necessary  to  renew  all  the  draw-bars  at  a 
colliery  when  a  new  system  of  haulage  is  introduced. 

Slope  Carriages. — Where  the  incline  is  very  steep,  it  is  not 
only  very  difficult  to  get  the  waggons  on  to  it  from  a  level  road, 
but  there  is  a  tendency  for  the  mineral  to  fall  out.  To  overcome 
this  difficulty  a  slope-carriage  (Fig.  469)  is  used.      This  has  a 
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Fig.  470. — Jack  roll  or  winch. 

level  top,  and  is  brought  to  rest  opposite  the  landing.  If  there 
are  intermediate  landings  between  the  top  and  bottom  of  the 
incline,  the  waggon  is  run  on  across  the  slope-carriage,  as  shown 
in  the  figure ;  if  there  are 
no  landings  between  the 
top  and  bottom  of  the  in- 
cline, the  waggon  may  be 
run  on  or  off  any  way. 

For  a  short  incline 
close  to  the  working  place 
small  winches  are  some- 
times used,  worked  by 
hand,  and  spragged  be- 
tween the  roof  and  floor, 
as  shown  in  Fig.  470,  a 
thin  steel  rope  being  used. 
Where  the  mineral  has  to 


Fig.  471.— Horse-gin. 


be  hauled  up  an  incline  where  steam-power  is  not  available,  a 
horse-gin  is  sometimes  used,  as  shown  in  Fig.  47 1-  Hauling- 
engines  are  often  very  conveniently  and  cheaply  fixed  on  timbers, 
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Plan  of  Encine-House 


as  shown  in  the  small  sketch  (Fig.  472).     Fig.  473  shows  some 
tope  rollers  which  can  be  fixed  to  timber  props  or  bars,  to  carry 

tail  ropes  or  endless  ropes  used  for 
transmission  of  power;  one  of  these 
is  hinged,  so  that  it  may  adjust  itself 
to  the  line  of  the  rope. 

Electric  Motors. — Electricity  is 
now  used  at  several  places  for  driving 
underground  hauling  -  drums.  Fig. 
474  shows  plan  and  elevation  of  a 
steam-engine  and  dynamo  of  40  H.P. ; 
several  plants  of  this  description  are 
now  in  operation.  The  electricity 
passes  through  carefully  insulated 
copper  conductors  made  of  nineteen 
copper  wires  of  15  Birmingham  wire- 
gauge;  they  are  in  an  insulated 
covering,  making  each  cable  1  inch 
in  diameter.  From  the  motor  to  the 
pit-bottom  they  are  in  a  wooden 
casing  made  of  pitch  pine,  6f  inches 
by  3%  inches  external  dimensions 
(see  Fig.  476),  made  of  two  pieces, 
the  first  6f  inches  by  2  inches, 
with  two  grooves  2^  inches  apart,  in 
which  the  cables  are  laid ;  over  these 
a  piece  6f  inches  by  ij  inch  is  screwed  with  3-inch  brass  screws. 
This  casing  is  fastened  to  the  shaft-side.  Fig.  475  shows  the 
electric  motor  and  drums.     The  power  is  taken  from  the  electric 
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Fig.  473. — Rope  rollers. 


motor  by  means  of  ropes  working  in  a  grooved  pulley  on  to 
a  large  grooved  wheel  on  an  intermediate  shaft ;  a  pinion  on 
this  intermediate  shaft  moves  a  spur-wheel  on  the  drum-shaft. 
Smaller  electric  winches  or  hauling-engines  from  5  to  15  H.P. 
are  also  made. 
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Pit-bottom. — The  rapidity  of  haulage  and  winding  depends 
a  good  deal  on  the  arrangement  of  the  railways  at  the  pit-bottom. 
A  suitable  arrangement  is  shown  in  Fig.  477. 
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Fig.  474. — Electrical  hauling-plant. 


Ropeways. — For  the  conveyance  of  minerals  on  the  surface, 
it  is  not  always  convenient  to  make  a  railway.  A  ropeway  is 
sometimes    made     by   which  ,, 

roads,  rivers,  and  chasms  can 
be  bridged  (see  Fig.  478). 
Some  details  of  the  posts  on 
which  the  buckets  are  carried 
are  shown  in  Fig.  479,  and  on 
a  larger  scale  in  Fig.  480. 
This  is  the  Otto  system  largely 
used  in  Germany.  The  rope- 
way consists  of  a  bearing-rope 
stretched  from  post  to  post, 
one  on  each  side  forming  a 
double  road;  rollers,  from 
which  the  buckets  are  sus- 
pended, run  over  this  bearing- 
rope  ;  below  this  is  an  end- 
less driving-rope  resting  on 
rollers  on  the  bucket-frames, 
and  clipped  to  these  frames 
when  the  buckets  are  travel-  Fm.  47s— Motor  and  drum. 
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ling.     When  properly  used  this  system  gives  great  satisfaction. 

The  plan  has  been  adopted,  not  merely  in  mountainous  regions, 

where  the  construc- 
tion of  an  ordinary 
tramroad  would  in- 
volve great  expense, 
but  on  the  plains  of 
Germany,  where  it  has 
L*r£*  ~'n/'CtBLE  been  applied  to  a 
pj2  large  colliery  to  con- 
vey the  mineral  from 
the  pit  to  the  railway. 
Owing  to  the  absence 
of  all  earthwork, 
bridges,  level  cross- 
ings, fences,  or  other 
lf       ,    ,-.,   ,  .  ■     ■    ,  ,  interference  with  the 

1  ig,  476.— Electric  cable  :  casing  in  shaft.  -      , 

use   of   the    ground, 
except  the  planting  of  the  necessary  posts,  this  method  of  convey- 
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Fig  477. — Pit-bottom  siding  arrangements. 


Fig.  478. — Ropeway :  general  view. 


ance  is,  in  many  cases,  the  cheapest  that  can  be  adopted  in  first 
cost,  and  it  is  doubtless  also  the  cheapest  in  working  cost. 
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Another  system  of  ropeway,  which,  however,  is  not  so  generally 
suitable,  consists  in  having  only  one  endless  rope.     The  bearing- 
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Scale  20  Feet  to  1  Inch. 
Fig.  479. — Ropeway  :  posts. 


rope,  in  this  case,  is  an  endless  rope  driven  by  an  engine  ;  the 
buckets  are  suspended  by  hooks  to  the  rope,  which  is  carried  on 
rollers  at  the  posts.     There  is,  however,  a  liability  of  the  buckets 


Settle  t%  Feet  to  J  Indfv 

Fig.  480. — Ropeway  :  rollers  and  buckets. 

to  slide  along  the  rope  when  approaching  the  posts,  owing  to  the 
steepness  of  the  curve.  This  is  especially  the  case  where  the 
gradient  of  the  ropeway  itself  is  steep. 
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CHAPTER    XVII. 

TRANSMISSION    OF   POWER  :    RODS,    ROPES,    AIR,    WATER, 
ELECTRICITY,    OIL. 

Power  is  transmitted  from  steam-boilers  on  the  surface  into  the 
mine  in  the  following  ways  : — 

Steam. — This  is  taken  down  the  shaft  in  pipes  to  work  engines 
near  the  bottom,  and  is  also  conveyed  along  the  roads  to  consider- 
able distances,  in  some  cases  as  far  as  1200  yards.  In  order  to 
prevent  excessive  condensation,  the  pipes  must  be  thickly  covered 
with  non-conducting  composition.  Expansion  joints  must  be  intro- 
duced, and  in  the  levels  and  inclines  the  pipes  must  be  carried 
on  rollers  or  suspended  between  the  expansion  joints  ;  otherwise 
there  will  be  continual  breakages  of  joints.  This  is  probably  the 
cheapest  mode  of  transmitting  power  into  the  mine,  but  there 
are  several  objections.  A  leakage  of  steam  is  annoying ;  should 
the  steam-pipes  burst,  the  steam  might  be  dangerous,  and  the 
pipes  must  be  so  placed  that  in  such  a  contingency  the  steam 
will  not  pass  through  any  working  place.  The  heat  from  the 
steam  is  often  inconvenient,  and  in  some  cases  would  be  apt  to 
cause  spontaneous  combustion. 

The  percentage  of  loss  from  condensation  depends  on  the 
amount  of  power  transmitted,  because  the  actual  loss  is  propor- 
tional to  the  circumference  of  the  pipe  from  which  the  heat  is 
radiated.  But  the  friction  of  a  gas  in  a  pipe  varies  inversely  as 
the  fourth  or  fifth 1  power  of  the  diameter,  so  that  whilst  a  2-inch 
pipe  might  be  sufficient  for  10  H.P.,  a  4-inch  pipe  would 
be  sufficient  for  50  or  60  H.P.  In  the  latter  case  the  radi- 
ating surface  of  the  iron  pipe  is  double  ;  the  radiating  surface  of 
the  covering  composition  is,  however,  only  one  and  a  half  times, 
whilst  the  power  transmitted  is  from  five  to  six  times  as  great. 
Therefore  the  loss  taken  in  percentages  will  be  about  one-third 
for  the  larger  power  of  what  it  was  for  the  smaller  power.  If,  in 
the  first  instance,  60  per  cent,  of  the  steam  was  condensed,  in  the 
second  instance  only  20  per  cent,  would  be  condensed. 

1  It  is  generally  taken  as  the  fifth  power. 
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Professor  Merivale  has  given  a  good  deal  of  attention  to  this 
question,  and  the  reader  is  referred  to  his  interesting  papers  in  the 
"Transactions  of  the  North  of  England  Institute  of  Mining 
Engineers,"  vol.  35,  part  3,  and  vol.  36,  part  1.  Mr.  Merivale 
describes  an  installation  where  the  steam  from  a  cylindrical  boiler, 
29  feet  long  and  5  feet  in  diameter,  is  taken  down  a  shaft  to  drive 
three  engines  underground.  The  first  engine,  12-inch  cylinder, 
2-feet  stroke,  is  342  yards  from  the  boilers,  and  the  steam  passes 
through  5-inch  pipes.  The  second  engine  is  950  yards  further, 
supplied  by  2^-inch  pipes ;  the  engine  is  8-inch  diameter,  i-foot 
stroke.  The  third  engine,  120  yards  further,  ij-inch  steam-pipes, 
is  6-inch  diameter,  with  a  10-inch  stroke.  The  total  distance  is 
14T4  yards  from  the  boilers.  The  pipes,  steam-traps,  and  engines 
are  covered  with  Wormald's  composition,  and  in  the  shaft,  which 
is  rather  wet,  the  pipes  are  covered  with  felt  and  lead.  The 
engines  in  the  pit  work  from  5  hours  to  n  hours  a  day.  The 
boilers  consume  427  lbs.  of  rough  small  coal  per  hour,  and  eva- 
porate 273  gallons  of  water  at  5 6°  at  a  pressure  of  35  lbs.  Of  this 
273  gallons,  5 7 ■£,  or  about  21  per  cent.,  are  collected  at  the 
steam-traps  in  the  pit,  showing  that  the  total  loss  by  priming 
and  condensation  is  only  21  per  cent,  of  the  steam-power.  It  is, 
however,  probable  that  the  loss  by  condensation  is  rather  greater 
than  that  indicated  by  the  water  condensed  in  the  steam-traps, 
as  some  of  the  condensed  water  may  very  likely  pass  through  the 
steam-engines.  However  that  may  be,  there  is  no  doubt  that 
this  installation  of  Professor  Merivale's  demonstrates  that  steam 
may  be  carried  with  great  economy  to  a  distance  of  nearly  a  mile, 
and  if,  instead  of  a  small  horse-power  and  intermittent  working, 
there  had  been  a  large  horse-power  and  continuous  working,  the 
loss  by  condensation  would  have  been  very  much  less  for  the 
reasons  given  above. 

Compressed  Air. — Compressed  air  is  the  most  usual  and 
most  generally  approved  method  of  transmitting  power  to  mines, 
because  it  can  be  taken  into  any  part  of  the  mine  without  danger 
or  inconvenience,  and  applied  to  any  kind  of  work,  whether 
pumping,  hauling,  winding,  ventilating,  coal-cutting,  or  rock- 
drilling  (see  Fig.  481).  The  air-compressor  is  simply  an  air-pump 
(see  Fig.  482).  The  air  is  sucked  in  at  one  valve,  and  driven  out 
from  another  valve  into  a  receiver.  1,  1,  are  the  inlet  valves, 
and  2,  2,  are  the  delivery  valves.  In  case  cooling  water  is 
admitted  into  the  cylinder,  the  delivery  valves  must  be  at  the 
bottom.  An  arrangement  of  engine  and  air-compressor  erected 
by  the  writer  is  shown  in  Fig.  482a!.  In  this  case  the  steam- 
cylinders  had  a  diameter  of  24  inches,  and  the  air-cylinders 
25  inches,  and  the  stroke  4  feet.     They  were  coupled  engines, 
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The  air-pressure  can  be  raised  to  a  higher  pressure  than  the  steam 
if  desired.  In  this  case  the  boiler  pressure  was  between  40  and 
50  lbs.,  and  the  air  was  compressed  to  about  the  same  pressure. 
In  order  to  conduce  to  the  economy  of  steam,  a  cut-off  valve, 


Fig.  481. — Transmission  of  power,     i,  steam-engine  ;  2,  compressor  ;  3,  air-receiver  ; 
hauling-engines  ;  5,  fan  ;  6,  pump  ;  7,  coal-cutter. 

worked  by  cam-gearing,  was  fixed  on  the  steam-pipe.  In  order 
to  maintain  the  air  in  the  receiver  at  a  uniform  pressure  without 
the  constant  attendance  of  an  engine-man,  the  throttle-valve  was 
controlled  by  a  governor;  the  governor  consisted  of  a  piston 

working  in  a  small  cylinder  on 
the  air-receiver,  which  lifted  a 
weighted  lever  and  was  con- 
nected with  the  throttle-valve. 
If  the  air-pressure  fell,  the 
throttle- valve  was  opened  wider; 
if  the  air-pressure  rose,  the 
throttle-valve  was  closed,  and 
in  this  manner  the  air-pressure 
was  maintained  nearly  uniform. 
In  case,  however,  an  air-pipe 
should  burst  (a  most  unlikely  contingency)  and  the  air-pressure 
rapidly  fall,  the  governor  lever  would  automatically  disconnect 
itself  from  the  throttle-valve,  which  would  be  instantly  closed 
by  the  action  of  a  weighted  lever.  Where  inlet  valves,  similar 
to  those  in  the  sketch,  are  used,  there  must  be  a  guard  of  per- 
forated plate  inside  the  valves,  so  as  to  obviate  the  possibility  of 
a  broken  valve  falling  into  the  cylinder. 

The  compression  of  air  produces  a  great  deal  of  heat,  just  as 


Fig.  482. — Transmission  :  air-cylinder.  1, 
inlet  valves ;  2,  valves  to  receiver ;  3, 
pipes  to  receiver ;  4,  water-jacket  round 
cylinder ;  5,  air-piston. 
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the  expansion  produces  cold.  In  order  to  keep  the  cylinders 
cool,  it  is  usual  to  place  them  in  a  tank  of  water,  through  which 
a  stream  is  maintained.  Sometimes  a  jet  of  water  is  admitted 
into  the  cylinder.     This  jet  should  be  in  the  form  of  a  very  fine 


spray,  the  finer  the  better,  as  it  then  mixes  better  with  the  air,  and 
the  cooling  is  more  complete  with  a  less  quantity  of  water.  A 
great  quantity  of  water  in  the  cylinder,  as  all  mechanical  engineers 
know,  is  a  danger  to  the  safe  working  at  a  high  speed,  and  a  great 


Fig.  483. — Transmission  :  water  in  cylinders. 


362  MINING. 

many  engineers  prefer  to  keep  the  cylinder  dry.  In  some  cases 
water  has  been  introduced  between  the  piston  and  the  air  (see 
Fig.  483).  The  air  is  here  on  the  top  of  a  column  of  water,  form- 
ing a  fluid  piston;  the  piston 
raises  the  water  and  com- 
presses the  air  above  it.  This 
design  has  not  come  into 
general  use,  because  water  is 
only  suitable  for  a  piston  when 
moving  at  very  low  speeds. 

The  higher  the   speed  at 

which  an  air-compressor  works 

the  better,  because  there  is  a 

less    percentage     of    leakage 

through  the  valves  and  past  the  piston,  and  there  is  less  time 

for  the  heating  of  the  inlet  air. 

It  is  important  that  the  clearance  at  each  end  of  the  cylinder 
should  be  as  small  as  possible,  in  order  that  the  compressed  air 
may  not  be  left  in ;  because,  on  its  expansion,  it  occupies  a  place 
which  should  be  filled  by  fresh  air,  and  so  reduces  the  useful  work 
done  by  the  pump.  If  too  little  clearance  is  left,  however,  the 
piston  may  knock. 

In  order  to  get  over  the  difficulty  of  clearance,  the  following 
ingenious  device  has  been  adopted  by  some  engineers  :  At  each 
end  of  the  cylinder  is  a  groove,  rather  longer  than  the  thickness 
of  the  piston.  When  the  piston  has  passed  the  end  of  this  groove, 
the  air  on  the  compression  side  passes  through  this  groove  on  to 
the  intake  side,  thus  compressing  the  air  in  the  cylinder  already 
full,  and  reducing  the  pressure  on  the  side  which  is  about  to 
become  the  inlet  side  of  the  piston.  The  objection  to  this  system 
is  that  it  may  cause  a  knock  of  the  piston  against  the  covers, 
unless  there  is  sufficient  cushioning  in  the  steam-cylinder. 

The  economical  use  of  compressed  air  depends  on  the  following 
rules  : — • 

The  boilers  and  steam-engines  used  for  the  purpose  on  the 
surface  must  be  of  the  "best  kind.  It  is  vain  to  seek  an  eco- 
nomical system  of  transmitting  power  unless  the  power  is 
economically  produced  in  the  first  instance.  It  is  quite  common 
for  colliery  engines  to  consume  two  or  three  times  as  much  fuel 
as  is  necessary ;  and  as  long  as  that  is  the  case,  it  is  not  worth 
while  to  give  too  much  attention  to  the  relative  economy,  as 
distinguished  from  the  safety  and  convenience  of  rival  systems 
of  transmission,  where  the  superiority  claimed  over  one  system 
by  the  other  is,  perhaps,  not  more  than  10  or  20  per  cent. 
Having  got  economical  steam-engines,  the  next  step  is  to  have 
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the  compressors  with  air-tight  pistons  and  valves,  taking  care  that 
the  inlet  and  delivery  valves  are  of  sufficient  size. 

The  inlet  valve  must  be  open  to  the  atmosphere,  so  that  the 
air  may  enter  cold,  and  not  be  taken  from  a  warm  engine-room  ; 
and  the  delivery  port  must  lead  straight  away  from  the  cylinder, 
so  as  to  keep  the  hot  air  away  from  unnecessary  contact  with  the 
cylinder. 

The  heat  produced  by  compression  represents  loss  of  power, 
and  this  loss  is  greater  the  higher  the  pressure.  On  this  account, 
a  low  pressure,  of  say  30  lbs.,  is  more  economical  than  higher 
pressures ;  but  this  economy  is  counteracted  by  the  necessity  of 
having  larger  pipes  and  larger  air-cylinders  than  if  higher 
pressures  were  adopted.  If  the  air  is  compressed  to  a  higher 
pressure,  say  60  or  80  lbs.,  and  used  expansively,  considerable 
economy  may  be  obtained.  With  the  ordinary  mining  com- 
pressors, the  indicated  power  of  the  air-engine  in  the  mine  is, 
perhaps,  only  20  to  40  per  cent,  of  the  steam-engine  working  the 
compressor.  But  there  is  no  reason  why  an  efficiency  of  50  per 
cent,  should  not  be  obtained  with  care. 

The  student  may  derive  some  information  on  the  compression 
of  air  and  the  working  of  air-engines  by  the  study  of  the  diagram, 
Fig.  483a.  This  shows  what  takes  place  in  the  cylinder  of  an 
air-compressor,  which,  for  the  sake  of  convenience,  is  supposed 
to  be  8  feet  long.  When  the  piston  has  gone  half  a  stroke,  the 
pressure  will  be  doubled ;  when  it  has  gone  three  quarters  of  a 
stroke,  the  pressure  will  be  quadrupled,  because  the  space  the  air 
has  to  occupy  is  one-fourth  of  the  original  space.  As  the  piston 
gradually  moves  along,  the  rise  of  pressure  is  gradual.  This  is 
indicated  by  a  curved  line,  which  is  called  on  the  diagram  the 
isothermal  curve,  letters  a,  a,  a,  a.  There  is  another  curve 
marked  on  the  diagram,  called  the  adiabatic  curve,  letters  b,  b,  b,  b. 
The  isothermal  curve  shows  the  gradual  rise  of  pressure  with  the 
movement  of  the  piston,  supposing  that  the  heat  of  air  is  con- 
stant throughout  the  stroke.  But  if  the  heat,  which  is  always 
produced  by  compressing  air,  cannot  escape,  it  will  cause  the  air 
to  expand,  and  consequently  the  pressure  to  rise.  This  rise  of 
pressure  is  shown  by  the  adiabatic  curve,  b,  b,  b,  b.  If,  after  the 
stroke  has  been  completed,  the  air  is  cooled,  it  will  contract  to 
the  space  within  the  isothermal  curve.  And  the  area  enclosed 
between  the  isothermal  curve  and  the  adiabatic  curve  represents 
power  that  has  been  wasted  during  compression,  due  to  the  heat- 
ing of  the  air  (this  heat  being  lost,  in  ordinary  working,  by  cooling 
in  the  air-pipes).  Supposing  that  the  engine  had  stopped  just  as 
it  completed  five-eighths  of  the  stroke,  all  the  heat  having  been 
left  in  the  air,  the  pressure  in  the  cylinder  would  have  been  four 
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atmospheres,  or  60  lbs.  If  the  engine  were  disconnected  from  the 
compressor,  and  the  air  in  the  compressor  now  allowed  to  expand, 
it  would  push  the  piston  back  to  the  starting-point  (it  is  as- 
sumed, for  the  sake  of  argument,  that  the  piston  has  no  friction), 
the  pressure  would  go  down  to  atmospheric  pressure,  and  the 
temperature  to  the  original  temperature,  all  the  heat  generated 
by  compression  being  reabsorbed  in  the  expansion  of  the  air.  If 
we  now  assume  that  the  engine  makes  another  stroke  of  the 
compressor,  and  that  this  time  the  air  is  cooled  during  com- 
pression, then  the  pressure  will  rise  to  four  atmospheres  when 


Work  absorbed  in  friction  of  steam- 
engine  and  compressor. 

Work  due  to  heating  in  compression 
(this  is  lost  in  the  pipes). 

Loss  of  pressure  in  motor  for  want  of 
the  heat  lost  in  the  pipes. 

Loss  by  friction,  back  pressure,  incom- 
plete expansion,  and  leakage  in  pipes, 
compressor,  clearance,  etc. 

Net  power  indicated  in  motor. 


0   ZERO, 


6  5  4. 

Stroke  of  Encine 

Fig.  483a. — Work  done  by  steam  in  compressing  air,  shown  by  all  the  shades. 


the  piston  has  made  six-eighths  of  the  stroke.  If  the  engine  is 
again  disconnected,  and  the  air  in  the  compressor  allowed  to 
expand,  it  will  force  the  piston  back,  but  not  to  the  starting-point 
(assuming  that  no  heat  enters  the  cylinder),  because  the  expansion 
of  the  air  will  cool  it,  and  the  cooling  will  contract  it,  so  that  the 
expansion  of  the  air  will  take  place  as  shown  by  the  curve,  c,  c,  c. 
And,  in  order  to  send  back  the  piston  to  the  starting-point,  some 
heat  will  have  to  be  put  into  the  cylinder,  equal  to  the  amount 
that  was  taken  out  during  the  compression-stroke. 

It  is  thus  evident  that  the  loss  of  power,  due  to  the  heat- 
ing and  subsequent  loss  of  heat,  in  using  compressed  air  is 
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nearly  double  (say  17  6)  the  amount  represented  by  the  space 
between  the  adiabatic  curve  and  the  isothermal  curve.  The 
first  loss  is  in  compression,  when  the  resistance  to  the  engine  is 
increased  by  the  expansion  due  to  heating;  the  second  loss  is 
in  the  air-motor,  where  the  expansion  of  the  air  is  prevented  by 
lack  of  heat.  This  loss  in  compression  may,  as  already  explained, 
be  to  some  extent  reduced  by  a  properly  arranged  water-spray. 
As  generally  made,  these  water-sprays  have  a  very  slight  effect. 
It  is  stated,  however,  that  a  new  water-spray  has  been  invented 
which  has  a  good  effect.  In  this  case,  the  water  is  forced  in  at 
a  very  high  pressure,  forming  a  very  fine  spray  during  the  com- 
pression. The  loss  in  expansion  is  also,  to  some  extent,  modified 
by  the  absorption  of  heat  through  the  metal  of  the  cylinder  of  the 
air-motor,  and  also  by  stoves  heating  the  air,  where  the  use  of 
fire  or  open  lights  is  admissible.  Assuming,  however,  that  the 
double  loss  of  power  is  not  mitigated  in  any  way,  the  effect  of 
first-class  air-compressors  and  air-motors  of  not  less  than  100 
H.P.  of  steam,  with  air  at  an  absolute  pressure  of  four  atmo- 
spheres, or  a  working  pressure  of  45  lbs.,  will  be  about  as 
follows : — 

Generating  engine      ...  ...  ...     100  H.P. 

Friction  of  engines  and  compressors       ...      20    „     =  20   °/o   °f  indicated 

power  of  engine. 
Loss  in  heat...  ...  ...  ...       21    „     =  25  %  of  power  in  air. 

Loss  in   leakage    of   compressor-piston, 
valves,  and  in  clearance        ...  ...        4     „     =s70°fair> 

Friction  in  pipes,   length  say  one    mile 
of  6-inch  pipes        ...  ...  ...         2    >,     =  37o°fajr- 

Leakage  in  pipes         ...  ...  ...        2    ,,     =3%  of  air. 

Loss  by  incomplete  expansion  of  air  in 

motor        ...  ...  3    ..     =  6  %  of  power  in  air 

at  motor. 
Friction  of  motor  piston,  bearings,  gear- 
ing, etc.     ...  ...  ...  ...        8    „     =17    %    of  indicated 

power  in  motor. 
Useful  effect  on  hauling-drum  or  pump  ...      4°    „     Tnus  8  +  40  or  48  %  of 

engine  power  is  indi- 

cated  in  motor. 

100    „ 

A  system  of  compound  compressors  is  sometimes  adopted ; 
that  is  to  say,  the  air  is  compressed  in  one  cylinder,  to  say  30  lbs. 
pressure  above  the  atmosphere,  and  is  then  conveyed  in  pipes 
to  another  cylinder,  where  it  is  compressed  to  say  120  lbs.  But 
between  the  two  cylinders  the  air  is  cooled  to  the  atmospheric 
temperature.  In  a  similar  way,  the  air  may  be  used  expansively 
in  compound  air-engines.  The  high-pressure  air  is  used  in  a 
small  cylinder,  and  the  exhaust  air  is  conveyed  through  pipes  to  a 
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larger  cylinder ;  but  on  the  way  it  is  reheated  by  the  atmosphere 
nearly  to  the  atmospheric  temperature,  and  thus  takes  back  from 
the  air  some  oi  the  power  lost  in  compression. 

In  the  case  of  engines  working  on  the  surface,  the  air  is 
heated,  by  passing  through  a  small  stove,  to  a  temperature  of 
about  3000  Fahr.  By  this  means  great  economy  is  obtained, 
because  the  cost  of  the  fuel  used  in  the  stove  is  insignificant. 
And  after  allowing  for  the  cost  of  this,  the  air-engine  may  indicate 
70  per  cent,  of  the  power  in  the  steam-engine.  Where  the  use 
of  such  a  stove  can  be  permitted,  there  is  little  doubt  that  com- 
pressed air  is  the  most  economical  method  of  transmitting  power 
that  is  known.  In  coal-mines,  as  a  general  rule,  the  use  of  the 
stove  is  out  of  the  question ;  but  it  is,  perhaps,  nearly  as  safe  as 
an  oil-engine  or  electric  motor,  and  is  safer  than  some  of  the 
methods  now  used  to  prevent  the  freezing  of  the  ports. 

Air-pipes,  Friction. — It  is  important  to  know  the  quantity 
of  compressed  air  required  for  any  given  horse-power,  and  that 
is  shown  in  the  following  table  : — 

Table  XIX. 


Modes  of  applying  the  compressed  air  in  consumers'  engine. 


Case  i. — Where  air  at  45  lbs.  pressure  is  reheated  to  3200 
Fahr.,  and  expanded  to  atmospheric  pressure 

Case  2. — Where  air  at  45  lbs.  pressure  is  heated  by  boiling 
water  to  212°  Fahr.,  and  expanded  to  atmospheric 
pressure        

Case  3. — Where  air  is  used  expan  sively  without  reheating, 
whereby  intensely  cold  air  is  exhausted,  and  may  be 
used  for  ice-making,  etc 

Case  4. — Where  air  is  heated  to  2120  Fahr.,  and  the  ter- 
minal pressure  is  11  '3  lbs.  above  that  of  the  atmosphere 

Case  5. — ■  Where  the  air  is  used  without  heating,  and  cut 
off  at  three-quarter  stroke,  as  in  ordinary  slide-valve 
engines  ...         ...         

Case  6. — Where  the  air  is  used  without  reheating  and  with- 
out expansion  '.        


Quantity  of  air  at 
45  lbs.  pressure 
(that  is,  4  atmo- 
spheres absolute) 
required  per  bid. 
H.P.  per  hour. 


Cubic  feet. 
125-4 


145 -  4 

188-4 
240-6 

258-0 

331-8 


The  next  important  question  is  the  diameter  of  the  pipe  re- 
quired for  the  transmission  of  a  given  volume  of  air.  A  good 
deal  of  attention  has  been  given  to  this  question,  especially  by 
continental  engineers,  and  the  general  conclusion  seems  to  be 
that  the  friction  of  air  is  governed  by  the  same  rules  as  those 
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which  govern  the  friction  of  water ;  and,  in  fact,  that  the  friction 
of  all  fluids  is  governed  by  the  following  rules  : — 

The  friction  is  in  direct  proportion  to  the  density  of  the 
fluid.  Thus,  water  being  eight  hundred  times  as  heavy  as  air  at 
atmospheric  pressure,  the  friction  at  equal  velocities  of  water  will 
be  eight  hundred  times  greater  than  that  of  air.  If,  however,  the 
air  is  compressed  to  eight  atmospheres,  thereby  increasing  its 
density  eightfold,  the  friction  of  water  will  only  be  one  hundred 
times  as  great  as  that  of  the  compressed  air  at  equal  velocities. 
Following  the  same  rule,  it  is  found  that  the  friction  of  steam 
is  less  than  that  of  air,  because  it  is  lighter,  the  density  of 
steam  at  equal  pressures  being  approximately  half  that  of  air. 
It  is  also  generally  accepted  that  the  friction  is  in  direct  propor- 
tion to  the  length  of  the  pipe,  the  friction  for  200  feet  being 
twice  as  great  as  that  for  100  feet.  The  friction  is  also  in  pro- 
portion to  the  internal  surface  of  the  pipe.  Thus  a  pipe  6  inches 
in  diameter  will  have  twice  as  much  internal  surface  as  a  pipe  3 
inches  in  diameter.  On  the  other  hand,  the  6-inch  pipe  has  four 
times  the  sectional  area  of  the  3-inch  pipe ;  so  that  the  interior 
surface  of  the  6-inch  pipe  is  proportionally  only  half  as  great  as 
the  internal  surface  of  the  3-inch  pipe.  Therefore,  other  things 
being  equal,  the  loss  due  to  friction  in  a  6-inch  pipe  will  be  only 
half  that  due  to  friction  in  a  3-inch  pipe. 

It  is  also  generally  accepted  that  the  amount  of  friction  varies 
in  proportion  to  the  square  of  the  velocities  ;  that  is  to  say,  that, 
comparing  the  friction  of  velocity  2  with  that  of  velocity  4,  it  will 
be  in  the  ratio  of  22  to  42,  or  as  4  :  16.  Thus  for  a  double 
velocity  the  friction  is  quadrupled,  and  for  a  treble  velocity  the 
friction  is  ninefold.  It  is,  however,  held  by  some  who  have  in- 
vestigated the  subject,  that  the  friction  does  not  vary  as  the 
square.  Mr.  Edgar  C.  Thrupp,  as  already  mentioned  in  p. 
237,  as  the  results  of  experiments  on  water,  has  the  following 
formula  : — 

Flow  of  air  in  wrought-iron  pipes — 

Formula,  v  =  -—=■ 
C£/S 

v  =  mean  velocity  in  feet  per  second. 

,     ,      ,.        ,.      .    r  diameter 

R  =  hydraulic  radius  in  feet  = 

4 
length  of  pipe  in  feet 

head  in  feet 

(  x  =  0-65 
For  wrought  iron  <  C  =  o'oo4787 
(  n  =  i-8o 
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If  the  head  is  given  (as  it  usually  is)  in  pounds  pressure  per 
square  inch,  this  can  he  turned  into  head  in  feet  by  multiplying 
the  head  in  pounds  by  the  number  of  cubic  feet  of  air  of  the 
given  pressure  required  to  weigh  144  lbs.  (that  is,  equal  to  1  lb. 
per  square  inch  for  1  square  foot).  Thus,  if  the  pressure  is  46  lbs. 
per  square  inch  above  the  atmosphere,  then  456  cubic  feet  at  6o° 
will  weigh  144  lbs.,  and  if  the  given  head  is  0-0002  lb.  per  square 
inch,  the  head  in  feet  =  456  x  0-0002  =  0-0912  feet. 

Example. — Air  at  46  lbs.  pressure. 

Loss  of  pressure  per  foot  run  =  0-0002  lb.  per  square  inch. 


1 

x  456 ;  10"96 

Diam. 

R 

LogR 

X 

Log  1096 
1  -0401 
i-8o 
LogC 

'  '   °          O'O0O2 
=    I-040I 

=  0-5778  =log^S 
=  3-6800 

=        2  feet 

=       f5 » 
1-699 
0-65 

Log  CS/S 

=  2-2578 

3495 
4194 

0-699  X  0-65 
i-o  x  0-65  = 

=  °'45435 
-0-65 

Log  R*      =    I 
Log  C#S  =    2 

Log  R* 

•80435 
•2578 

=  1  "80435 

Log  v  =     1 
-  v  =  35 

■54655 

2  feet  per  second 

By  means  of  this  formula  the  loss  of  pressure  in  air-pipes  for 
air  at  a  pressure  of  about  four  atmospheres  has  been  calculated  for 
various  velocities,  the  results  being  shown  in  Fig.  483^. 

The  student  will  readily  understand  the  use  of  this  table. 
Suppose,  for  instance,  that  it  were  required  to  transmit  the  com- 
pressed air  to  a  distance  of  5000  feet,  with  a  loss  of  pressure  of 
5  lbs.  per  square  inch  to  overcome  the  friction  of  the  pipes.  Then 
the  required  size  of  the  pipe  will  be  found  on  the  line  opposite 
the  decimal  figure  o-ooi,  which  means  that  the  friction  per  foot 
of  pipe  is  -nnnr  part  of  a  pound,  and  therefore  for  5000  feet  will 
be  5  lbs.  If  the  quantity  of  air  is  sufficient  for  say  50  H.P., 
using  300  cubic  feet  per  H.P.  per  hour,  or  5  cubic  feet  per  H.P. 
per  minute,  or  a  total  of  250  cubic  feet  per  minute  for  the  50 
H.P.,  or  rather  more  than  4  cubic  feet  per  second,  it  will  be  found, 
on  reference  to  the  figure,  that  a  5-inch  pipe  will  take  the  air  at  a 
velocity  of  about  32  feet  per  second  with  the  given  head,  and,  the 
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area  of  this  pipe  being  rather  less  than  \  of  a  square  foot,  the 

volume  delivered  will  be  rather  more  than  4  cubic  feet  per  second. 

This  table  may  be  used  for  air  at  greater  or  less  densities  by 


o  o   o    o 


°s£  ■ 


si  a 


gCO  n   (fi     tO 


SOo  o   O     O 


JgSSgS  s  ? 

—  00  fa  o    o     o        >_i    ij 
P  000S0     O       9  O     O      O  3  69999     9 


altering  the  right-hand  column  of  figures  in  proportion.     It  may 
also  be  used  for  steam  by  reducing  the  figures  in  the  right-hand 
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column  one-half.  A  further  allowance,  however,  must  be  made 
for  bends,  as  per  the  following  table,  which  shows  the  loss  in 
pressure  for  each  right-angle  bend  for  air  at  46-lbs.  pressure : — 


Table  XX.  —  Additional  Loss  of  Pressure,  in  Decimals 
of  a  Pound,  in  Bends  and  Knees  of  900  due  to 
Change  of  Direction. 


Velocities  in  feet  per  second. 

Velocity.. 

10 

20 

30 

40 

SO, 

60 

70 

Bends  ... 
Knees  ... 

0*00023 
0*0033 

0*00092 
0*0132 

0*00207 
0*0297 

0*00368 
0*0628 

0*00575 
0*0825 

0*0083 
0*119 

0*0113 
0*162 

Velocity- 

80 

90 

100 

125 

150 

175 

200 

Bends  ... 
Knees  ... 

0*0147 

0'2II 

o"oi86 
0*267 

0'0230 

°-33 

0*036 
0*516 

0*0517 
0*742 

0*0703 
o*866 

0-093 
1*32 

From  experiments  recently  made  by  the  author,  he  is  inclined 
to  doubt  whether  the  friction  in  smooth,  straight  tubes  increases 
so  much  with  increase  of  velocity  as  is  generally  supposed.  Never- 
theless, the  usually  accepted  rule  is  supported  by  a  great  body  ot 
practical  experience. 

Hydraulic  Power. — In  the  same  way  as  power  is  transmitted 
by  pumping  air,  so  it  may  be  transmitted  by  pumping  water. 
Water,  however,  is  generally  used  at  very  high  pressures,  from 
600  to  1000  lbs.  pressure  per  square  inch,  800  lbs.  being  a 
common  pressure.  This  system  is  largely  adopted  on  surface 
works,  and  to  some  extent  in  mines. 

Hydraulic  pumps  in  the  dip-workings  of  a  mine  may  be  driven 
by  the  pressure  from  the  rising  main  at  the  pumping-shaft. 
Water  is  not  so  generally  convenient  for  a  mine  as  compressed 
air.  Return-pipes  are  usually  necessary  for  the  exhaust-water. 
A  leakage  may  cause  expense ;  and  great  care  is  required  in  its 
use,  because  of  the  great  momentum  of  the  water  moving  in  the 
pipes,  which  causes  it  to  burst  the  pipes  if  a  valve  is  suddenly 
closed,  unless  there  are  sufficient  safety-valves.  The  great  strength 
required  for  the  pipes  also  makes  it  expensive,  except  in  the  case 
where  small  pipes,  say  not  exceeding  3  inches  in  diameter, 
suffice.  In  these  small  pipes  there  is  generally  a  great  margin  ot 
strength,  which  is  utilized  in  the  case  of  hydraulic  pressure.  The 
reason  why  high  pressure  is  used  is  because  water  is  incompres- 
sible, and  therefore  its  density  is  not  increased  by  increase  of 
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pressure,  and  the  friction  is  generally  believed  to.  be  proportional 
to  the  density.  So  that  there  is  no  more  friction  in  water  at 
1000  lbs.  pressure  than  at  10  lbs.  pressure,  whilst  the  power 
transmitted  by  a  given  weight  is,  at  the  higher  pressure,  one 
hundred  times  as  great  as  at  the  lower  pressure.  When  the  trans- 
mission of  water-power  is  direct  from  the  generating  engine  to 
the  motor,  say  an  underground  pump,  the  loss  of  power  may  be 
moderate,  say  15  per  cent,  for  the  generating  engine,  and  10  per 
cent,  friction  in  pipes,  leaving  75  per  cent,  to  be  utilized  by  the 
motor.  When,  however,  the  power  is  used  for  winding  and  haul- 
ing and  various  machines,  there  is  great  loss,  because  the  pressure 
of  the  water  is  constant,  and  the  power  required  variable,  so  that 
probably  only  about  25  per  cent,  is  utilized. 

Electric  Transmission. — Within  the  last  dozen  years  the 
use  of  electricity  has  been  applied  on  a  considerable  scale  for  the 
transmission  of  power  in  mines.  The  use  of  this  wonderful  agent 
is  one  of  the  greatest  triumphs  of  scientific  engineering,  but  as  yet 
its  adaptation  for  a  general  system  of  distribution  rests  rather  in 
the  intentions  of  specialists  than  in  the  domain  of  actual  practice. 

Some  instances,  however,  may  be  given  of  what  has  been 
actually  accomplished.  At  the  St.  John's  Colliery,  Normanton, 
two  coupled  engines  on  the  surface,  having  22^-inch  cylinders  and 
4-feet  stroke,  running  at  fifty  revolutions  per  minute,  by  means  of 
gearing,  belts,  and  pulleys,  give  movement  to  three  series-wound 
Immisch  dynamos  (see  Fig.  484),  each  about  50  H.  P   and  capable 


Fig.  484. — Immisch  dynamo. 


of  giving  a  current  of  60  amperes  at  600  volts,  and  also  one  small 
compound  dynamo  giving  a  current  at  155  volts.  The  conductors 
lead  from  each  dynamo  down  the  shaft  to  a  motor  in  the  pit,  each 
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dynamo  being  connected  with  a  motor.  The  conductors  in  the 
shaft  are  similar  to  those  shown  at  A,  Fig.  485,  and  each  have 
nineteen  wires  of  16  B.W.G.  twisted  into  a  strand  and  covered 
with  non-conducting  composition ;   this  is  covered  with  twisted 


Fig.  485. — Electric  cables.  A  :  i,  lead  covering  ;  2,  ozokerited  hemp  braiding  and  insulation  ; 
3,  copper  conductor ;  a,  waxed  cotton  braiding ;  b,  waxed  hemp  braiding ;  c,  waxed 
cotton  lining ;  d,  thin  guttapercha ;  e,  waxed  cotton  lining ;  f,  copper  conductor ;  g, 
rubber  tube. 

hemp  and  fitted  into  a  leaden  tube  by  the  Fowler- Waring  process. 
The  lead  is  to  keep  the  conductor  dry.  Two  50-H.P.  motors 
in  the  pit,  at  a  distance  of  500  yards  from  the  engine  on  the 
surface,  as  measured  along  the  conductors,  give  movement  by 
spur-gearing  belting  and  to  two  separate  pumps,  the  horse-power 
absorbed  by  each  pump-motor  being  about  35.  Another  motor 
of  50  H.P.  is  attached  to  a  hauling-engine  at  the  same  distance 
from  the  dynamo  on  the  surface.  The  power  is  transmitted  to 
the  drum  by  means  of  spur-gearing.  The  total  horse-power 
required  for  hauling  is  about  35.  Electric  conductors  are  also 
carried  down  an  incline,  and  work  a  30-H.P.  motor  and  pump  at 
a  distance  of  about  1 600  yards  from  the  dynamo,  one  of  the  three 
dynamos  of  50  H.P.  There  are  also  three  pumps,  each  three- 
throw,  and  each  driven  by  a  3-H.P.  motor  at  distances  of  1300, 
1400,  and  2200  yards  respectively  from  the  compound  dynamo. 
These  are  switched  on  or  off  as  required. 

At  the  Trafalgar  Colliery,  in  the  Forest  of  Dean,  a  pump  is 
worked  by  an  electric  motor,  which  is  at  a  distance  of  1650  yards 
from  the  pit-bottom,  the  horse-power  being  about  15.  At  the 
Pleasley  Colliery,  near  Mansfield,  the  hauling-engine  is  driven  by 
electricity  near  the  pit-bottom,  at  a  distance  of  725  yards  from 
the  dynamo  on  the  surface.  Total  power  required  for  this  engine 
is 'about  35*4  H.P.  At  a  large  colliery  in  Glamorganshire  a 
similar  system  is  adopted.  At  the  Cannock  and  Rugeley  Colliery 
electric  haulage  has  been  adopted  to  the  extent  of  70  H.P. ;  and 
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also  at  the  West  Cannock  Colliery  there  is  an  electric  motor  at 
a  distance  of  1400  yards  from  the  shaft.  The  dynamo  on  the 
surface  is  capable  of  giving  48  H.P.,in  the  shape  of  65  amperes 
at  a  voltage  of  550.  The  conductor  is  a  strand  of  nineteen 
copper  wires,  No.  17  S.W.G.  At  the  Shirland  Colliery  a  motor  is 
working  at  the  bottom  of  a  dip,  pumping  water  at  a  distance  of 
about  a  mile  from  the  dynamo. 

In  dealing  with  electricity,  the  colliery  manager  must  bear  in 
mind  that  he  has  an  element  capable  of  producing  fire.  The 
two  conductors  must  be  placed  as  far  apart  as  possible,  and  per- 
fect insulation  is  necessary.  Any  failure  of  insulation  may  cause 
what  is  called  a  short  circuit — that  is  to  say,  the  electricity,  instead 
of  going  to  the  motor  and  back  the  proper  way,  may  leap  across 
from  one  conductor  to  the  other  and  return  by  a  shorter  road. 
This  may  cause  great  heating  of  the  conductors,  as  well  as  fire  at 
the  point  where  the  leakage  occurs.  There  are  several  devices  for 
stopping  this  short  circuit,  such  as  fusible  conductors  at  the  dynamo, 
which  melt  as  soon  as  the  current  is  greater  than  it  ought  to  be. 

It  must  also  be  remembered  that  the  spark  caused  by  a 
severance  of  an  electrical  conductor,  or  by  the  contact  between  two 
bare  conductors,  might  ignite  gas.  There  are  apt  to  be  sparks 
at  the  motor,  which,  of  course,  are  inadmissible  in  any  part  of 
the  mine  where  safety-lamps  are  required,  unless  the  motor  is 
under  the  continual  super- 
vision of  a  man  to  test  the 
atmosphere  in  the  same 
way  as  if  he  were  going  to 
fire  a  shot 

There  are  various  con- 
trivances to  render  spark- 
ing innocuous.  One  of 
these  is  Davis  and  Stokes's 
patent  (see  Fig.  486).  In 
this  case  the  commutator, 
which  is  the  place  where 
sparks  are  generally  pro- 
duced, has  an  internal  surface  instead  of  an  external  surface, 
as  usual,  and  the  brushes  (A  A),  or  wire  conductors  that  convey 
the  electricity  to  the  commutator,  are  inside.  The  commutator 
is  covered  up  by  an  iron  case  (B  B),  within  which  it  revolves,  but 
the  air-passages  up  which  air  or  gas  could  enter  the  chamber  are 
so  narrow  that,  if  the  gas  entered  and  fired,  the  flame  would  not 
flash  out.  At  the  same  time,  the  entry  of  gas  is  considered  to 
be  improbable.  Some  people  consider  that  this  arrangement  is 
quite  safe. 


Fig.  486  — Davis  and  Stokes's  safety-commutator. 
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There  are  other  contrivances  having  a  similar  effect.  It  is 
probable,  however,  that  the  prudent  colliery  manager  will  not 
introduce  an  electric  motor  into  any  part  of  a  mine  where  the 
presence  of  explosive  gas  is  a  reasonable  contingency.  Many 
engineers,  moreover,  consider  that  electricity  introduces  a  danger 
of  setting  fire  to  timber  or  brattice  cloth,  and  object  to  its  use 
on  that  account. 

There  is  no  doubt  that  a  fire  in  a  mine  is  a  terrible  catastrophe, 
as  the  recent  accident  at  Przibram,  in  Bohemia,  a  metalliferous 
mine  where  there  is  no  fire-damp,  is  sufficient  to  prove.  When 
the  timber  once  catches  fire,  the  current  of  air  causes  the  flame 
to  spread  with  immense  rapidity,  and  in  a  few  minutes  the 
smoke  may  become  sufficient  to  suffocate  all  the  men  in  the 
return  air-road,  whilst  the  flames  make  the  intake  air-road 
impassable. 

In  dealing  with  electricity,  the  question  of  pressure  or  tension 
is  very  important.  The  pressure  or  tension  is  measured  in  volts 
in  the  same  way  as  the  pressure  of  steam  is  measured  in  pounds. 
For  working  very  small  motors  of  i  or  2  H.P.  a  low  voltage  is 
required,  say  not  exceeding  100  volts.  For  a  larger  horse-power 
of  say  10  or  20,  a  voltage  of  200  or  300  may  be  used,  and  for  still 
larger  motors  a  voltage  of  500  or  600  is  preferred.  The  higher 
the  voltage  the  greater  the  risk  of  leakage  through  the  conductors, 
and,  consequently,  of  fire.  The  lower  the  voltage  the  greater  the 
cost  of  the  conductors  for  a  given  power. 

At  the  present  time,  the  voltage  put  into  mines,  so  far  as  the 
writer  is  aware,  in  this  country  does  not  exceed  600.  Where 
the  power  is  to  be  transmitted  on  the  surface  a  great  distance,  as, 
for  instance,  from  a  waterfall  to  some  distant  mine,  a  very  high 
voltage  may  be  safely  employed,  if  it  is  reduced  before  entering 
the  mine  to  a  low  voltage.  A  remarkable  example  of  what  may 
be  done  was  exhibited  in  the  Frankfort  Exhibition  of  1891.  In 
this  case  the  source  of  power  was  at  Laufen,  on  the  river  Neckar. 
A  300-H.P.  turbine  (see  Fig.  487)  gave  movement  to  a  dynamo, 
which  produced  electricity  of  50  volts  and  4200  amperes,  or 
about  280  H.P.  This  passed  through  three  copper  rods,  i£  inch 
in  diameter,  into  a  transformer,  which  is  a  machine  without  moving 
parts,  consisting  of  thick  copper  wires,  or  conductors,  and  thin 
copper  wires.  The  current,  passing  through  the  thick  conductors 
at  a  low  voltage,  induces  a  current  in  the  thin  conductors  of  a 
high  voltage,  in  this  case  equal  to  17,000  volts,  at  a  velocity  of  n 
amperes.  Three  copper  wires,  \  inch  in  diameter,  pass  from  the 
transformer  along  telegraph-posts  to  Frankfort,  a  distance  of  over 
100  miles.  At  Frankfort  the  three  thin  conductors  enter  a  trans- 
former, from  which  the  electricity  issues  at  a  voltage  of  60  by 
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three  copper  rods  i|  inch  in  diameter.  The  power  developed  by 
the  electricity  at  Frankfort  in  working  pumps  and  in  lighting  was 
equal  to  about  140  or  150  H. P.  This  is  by  far  the  most  wonder- 
ful achievement  in  electrical  transmission  of  power.  The  use  of 
the  small  conductors  reduces  the  capital  cost  to  a  small  figure. 

The  current  used  is  not  the  ordinary  current  which  has  been 
used  in  the  electrical  motors  already  described.     In  those  motors 


1200  Incandesce™  lamps 


Frankfort 
ON  tub  Main 


L.AUFEN  oh  the  Neckar 

Fig.  487.— Laufen-Frankfort.     i,  bevel-gearing  from  turbine  300  H.P. ;  2,  dynamo;  3   4, 
transformers;  5,  motor  ;  6,  shafting  to  pump. 

a  "continuous"  current  is  employed,  and  they  are  "series" 
wound.  The  "  series "  wound  motor  has  hitherto  been  con- 
sidered the  most  useful  for  mining  purposes.  But  the  current 
used  in  the  instance  given  at  Frankfort  was  an  "  alternating " 
current,  for  which  the  ordinary  motor  is  unsuited,  and  in  the 
utilization  of  which  for  motive  purposes  there  are  many  practical 
difficulties  to  be  over- 
come. In  the  in- 
stance given  above, 
the  motor  is  driven 
by  the  "drehstrom," 
or  "  twisting  current " 
system,  which  is  one 
of  the  more  recent 
inventions  of  elec- 
trical engineers. 

Fig.  488  is  a  dia- 
gram intended  to  give 

SOme    idea   Of  the    aC-        F'G'  +88-"-Three-current  alternating  three-phase  motor. 

tion   of  this   current. 

It  will  be  seen  that  the  three  conductors  are  connected  to  three 

equidistant  parts  of  a  circle.     The  three  currents  are  each  con- 
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stantly  varying  in  intensity,  and  arrive  at  their  maximum  intensity 
in  succession.  Thus  No.  i  current  produces  the  maximum 
magnetization  first,  causing  the  internal  armature  to  revolve 
towards  it;  No.  2  then  arrives  at  its  maximum  intensity,  and 
continues  to  attract  the  revolving  armature ;  then  No.  3 ;  then 
No.  1  again.  Thus  the  armature  is  attracted  successively  in  three 
different  parts,  one  part  being  always  in  proximity  to  the  magnets. 
In  this  way  a  uniform  movement  is  given  to  the  armature. 

The  inventor  claims  that  he  can  make  motors  of  the  smallest 
size  to  work  on  this  system,  whilst,  with  motors  of  a  moderate 
size,  he  has  strong  bars  of  copper  in  their  construction  instead  of 
small  wires  such  as  are  sometimes  used,  and  that  his  machine  is 
therefore  more  durable. 

There  is  no  danger  of  the  ordinary  kind  of  sparking,  because 
the  brushes  each  work  on  a  continuous  brass  ring,  instead  of 
alternately  on  brass  and  vulcanite  as  in  the  ordinary  commutator ; 
it  is  the  jump  from  brass  to  vulcanite  that  produces  sparks.  In 
the  "  drehstrom  "  motor  there  seems  to  be  no  spark  except  on 
reversing  the  direction  of  movement. 

According  to  results  obtained  at  Trafalgar  Colliery,  St.  John's 
Colliery,  and  other  collieries  of  which  the  writer  has  information, 
the  useful  effect  obtained  by  electrical  transmission,  if  measured 
in  work  done,  is  about  45  per  cent. ;  but  if,  instead  of  taking  the 
work  done,  the  power  is  taken  as  •  delivered  into  the  motor 
(comparable  to  the  indicated  power  of  an  air-motor),  then  the 
useful  effect  is  about  55  per  cent.  This  is  for  a  short  transmission 
of  say  500  yards.  The  power  absorbed  by  the  conductor  in 
electrical  transmissions  depends  on  the  voltage  and  on  the  size 
of  the  conductor,  and  may  be  reduced  to  the  minimum  by 
sufficient  capital  outlay. 

The  conveniences  of  electricity  are,  firstly,  the  small  amount 
of  space  occupied  by  the  motor.  Owing  to  the  high  speed  at 
which  it  works,  a  large  power  can  be  taken  off  a  small  pulley  by 
means  of  a  belting.  Secondly,  the  ease  with  which  conductors 
can  be  fixed  and  taken  round  corners.  With  conductors 
properly  wound  upon  drums,  a  mile  or  more  can  be  easily  fixed 
in  an  afternoon.  There  are  no  joints  to  be  affected  by  moving 
ground.  Also  the  space  occupied  by  the  conductors  is  very 
small,  so  that  if  additional  power  is  required,  additional  conductors 
can  be  laid  without  difficulty.  In  the  same  way,  in  the  production 
of  electricity,  the  motor  can  be  driven  at  a  great  number  of 
revolutions,  and  a  small  engine  driving  it  gives  out  a  great  horse- 
power, and  therefore  the  outlay  on  engines  is  reduced  to  a 
minimum. 

For   the   convenience   of  those  who   are  not   familiar  with 
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electrical  terminology,  it  may  be  useful  to  give  a  few  definitions. 
The  speed  or  amount  of  electrical  current  is  measured  in  amperes, 
in  the  same  way  as  the  speed  of  an  air -current  is  measured  in 
cubic  feet,  or  that  of  a  water-current  in  gallons  or  feet  per  second. 
The  tension  or  pressure  of  an  electrical  current  is  measured  in 
volts,  in  the  same  way  as  the  pressure  of  steam  is  measured  in 
pounds  per  square  inch. 

The  amount  of  work  done  is  measured  in  ergs,  in  the  same  way 
as  the  work  done  by  a  steam-engine  is  measured  in  foot-pounds. 
The  power  of  a  machine  is  measured  in  ergs  per  second,  in  the 
same  way  as  the  power  of  a  steam-engine  is  measured  in  foot- 
pounds per  minute. 

Electricians  have  three  fundamental  units  of  measurement : 
The  centimetre  (for  length) ;  the  gramme  (for  mass) ;  the  second 
(for  time) ;  forming  the  C.G.S.  system. 

The  resistance  of  any  conductor  to  the  passage  of  electricity 
is  measured  in  ohms.  The  legal  ohm  is  the  resistance  of  a 
column  of  pure  mercury  i  square  millimetre  in  section  and  106 
centimetres  long  at  the  temperature  of  320  Fahr. 

The  megohm  equals  1  million  ohms.  The  microhm  equals 
one- millionth  ohm.  The  legal  volt  is  the  electromotive  force 
which  maintains  a  current  of  1  ampere  in  a  conductor  whose 
resistance  is  the  legal  ohm. 

The  electrical  horse-power  equals  746  watts.  A  watt  is  the 
power  conveyed  by  a  current  of  1  ampere  through  a  conductor  by  a 
difference  of  pressure  (i.e.  potential,  or  "  voltage  ")  between  the  two 
ends  of  the  conductor  equal  to  1  volt ;  or,  in  other  words,  a  machine 
is  working  at  one  watt  when  an  ampere  passes  through  an  ohm. 

By  way  of  illustrating  the  above  nomenclature,  we  may  state 
as  follows  :  The  current  of  1  ampere  at  a  tension  of  1  volt 
produces  a  power  of  1  watt,  and  since  there  are  746  watts  in  a 
horse-power,  a  current  of  1  ampere  at  a  tension  of  746  volts 
gives  a  power  of  1  H.P.,  or  a  current  of  746  amperes  at  a  tension 
of  1  -volt  gives  1  H.P.  A  current  of  7  4  "6  amperes  at  a  pressure 
of  10  volts  equals  1  H.P.  A  current  of  7-46  amperes  at  a 
tension  of  100  volts  equals  1  H.P.  Roughly  speaking,  a 
current  of  7^  amperes  at  100  volts  equals  1  H.P.  Thus  a 
current  of  75  amperes  at  100  volts  equals  10  H.P.  A  current  of 
75  amperes  at  500  volts  equals  50  H.P.  For  electric  lighting 
with  incandescent  lamps,  a  tension  of  from  50  to  100  volts  is 
usually  employed. 

A  Board-of-Trade  unit  equals  1000  volt-ampere  hours,  or 
1000  watt  hours  ;  thus  10  amperes  at  100  volts  for  one  hour 
equals  one  Board-of-Trade  unit,  or  a  B.T.  unit  equals  1-34  H.P. 
for  one  hour. 
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A  wire  of  given  size  will  take  a  given  number  of  amperes ; 
as,  for  instance,  a  conductor  of  19  wires,  each  wire  16  B.W.G., 
is  suitable  for  say  50  amperes  for  a  distance  of  1000  yards, 
with  a  loss  in  the  conductors  of  say  10  per  cent,  of  the  power 
delivered.  If,  instead  of  1000  yards,  the  conductor  was  2000 
yards  in  length,  it  would  be  necessary  to  increase  its  weight  per 
yard  to  maintain  the  same  useful  effect  at  the  far  end  in  the  ratio 
of  1  to  1*414  ;  and  if  it  were  3000  yards,  the  weight  of  the  con- 
ductor would  have  to  be  increased  in  the  ratio  of  1  to  1732. 
Thus  it  seems  that,  for  a  given  voltage  and  a  given  percentage 
of  loss  in  the  conductor,  the  weight  of  the  conductor  per  yard 
varies  as  the  square  root  of  its  length ;  hence  the  need  of  high 
tensions  for  economical  long-distance  transmission  by  electricity. 

If  the  voltage  of  the  above  current  is  600,  the  power  trans- 
mitted in  watts  =  50  x  600  =  30,000,  and  in  H.P.  =  30,000  — 
746  =  40  H.P. ;  but,  so  far  as  the  wire  is  concerned,  it  is  immaterial 
whether  the  voltage  is  600  or  6000  or  only  60.  At  6000  volts  the 
power  might  be  400  H.P.,  and  at  60  volts  the  power  would  be 
only  4  H.P.  In  this  respect  electricity  resembles  water,  the  friction 
of  which,  in  passing  through  a  pipe,  is  the  same  at  all  pressures. 
Thus  in  the  case  of  the  Laufen-Frankfort  transmission,  the  voltage 
was  17,000.  It  is  evident,  therefore,  that  for  economical  electrical 
transmission  a  high  voltage  must  be  employed.  Against  this  must 
be  set  the  dangers  and  difficulties  of  dealing  with  a  high  voltage 
underground.  The  following  statement  shows  what  may  be  ex- 
pected in  a  first-class  electrical  installation  : — 

Generating  steam-engine 

Friction  of  engine,  belts,  etc. 

Loss  in  dynamo,  say 

Loss  in  conductor  one  mile 

Loss  in  motor 

Net  power  of  machine,  whether  pump,  hauling,  drum,  or  other... 

Rods. — Power  can  be  transmitted  to  great  distances  by  rods 
from  one  oscillating  lever  to  another,  and  in  this  way  has  in  some 
cases  been  carried  for  miles  over  hill  and  dale,  say  from  a  water- 
wheel  to  some  distant  mine,  as  illustrated  in  Fig.  489.  This 
method  of  transmission  is  commonly  used  in  the  case  of  pump- 
rods.  Sometimes  a  length  of  half  a  mile  of  rods  is  taken  from 
some  main  steam-engine  down  an  incline.  Revolving  shafting 
is  sometimes  used  on  the  surface  for  transmitting  the  power  of  an 
engine  for  a  distance  of  several  hundred  feet. 

Wire-rope  Transmission. — This  is  one  of  the  chief 
systems  of  transmission  employed  by  mining  engineers,  and 
under  certain  circumstances  is  the  most  economical  method  that 
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can  be  adopted.  The  writer  has  seen  the  power  of  a  steam-engine 
on  the  surface  transmitted  to  an  ore-dressing  plant  at  a  distance 
of  several,  hundred  yards  by  means  of  a  light  steel  rope  T9^  inch 
diameter,  driven  by  a  pulley  16  feet  diameter  on  the  steam-engine, 
the  rope  making  simply  half  a  turn  on  this  pulley,  the  bottom  of 
the  groove  being  lined  with  indiarubber  so  as  to  save  the  rope 
from  unnecessary  abrasion ;  a  similar  pulley  at  the  machinery-house 
received  the  power,  about  100  H.P.     Owing  to  the  great  speed 


Ele  vati  on 


Plan. 

Fig.  489. — Transmission  by  rods.1 

at  which  the  rope  travelled— one  mile  a  minute — the  tension  was 
comparatively  small ;  there  were  no  pulleys  to  absorb  any  power 
in  friction,  the  rope  being  stretched  in  mid-air.  In  this  case  the 
loss  of  power  would  be  no  more  than  in  transmitting  from  one 
pulley  to  another  in  the  same  room.  In  underground  trans- 
mission the  conditions  are  seldom  so  simple ;  a  good  many 
pulleys  are  required,  and  turn-wheels,  and  a  large  percentage  of 
the  power  is  thus  frequently  lost.  Figs.  490  and  491  give  an 
example  of  a  rope-transmission  plant  erected  by  the  writer  a  good 
many  years  ago.  In  this  case  a  pair  of  engines  on  the  surface, 
25-inch  cylinders,  4-feet  stroke,  drove  a  6-feet  Fowler's  clip-drum, 
round  which  passed  a  -|  inch  endless  steel  rope.  The  ropes  passed 
over  two  pulleys  on  the  pit-frame,  and  underneath  two  pulleys  at 
the  pit-bottom  about  300  yards  below,  then  round  two  horizontal 
pulleys,  then  along  a  straight  road  carried  on  rollers.  At  a  distance 
of  about  500  yards  from  the  pit-bottom,  it  passed  round  a  guide- 
wheel  and  a  4-feet  clip-pulley  connected  by  clutches  with  two 
drums,  and  then  at  a  distance  of  about  600  yards  it  passed  round 
another  pulley,  on  a  shaft  on  which  were  three  drums  connected 
by  clutches  as  required  for  hauling  up  three  inclines.  This  is  a 
typical  system  of  wire-rope  transmission.     The  loss  of  power 

1  In  this  figure  the  rods  are  shown  broken  between  each  vibrating  lever, 
merely  to  indicate  that  the  length  of  horizontal  rod  is  greater  than  can  be 
shown  in  this  scale. 
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depends  upon  the  care  exercised  in  making,  adjusting,  and 
lubricating  the  pulleys  and  rollers.  It  frequently  happens  in 
practice  that  50  per  cent,  of  the  power  is  lost  in  this  wayj 
but  the  loss  is  generally  due  to  want  of  sufficient  care  in  the 
construction  and  maintenance  of  the  machinery.  A  considerable 
amount  of  power  is  also  lost  in  bending  the  stiff  wire  rope  round 
the  wheels,  a  loss  which  is  repeated,  of  course,  at  every  wheel 
round  which  the  rope  is  bent,  the  amount  of  this  loss  being 
inversely  as  the  diameter  of  the  wheel  (but  not  exactly  proportional 
to  this  ratio),  and  irrespective  of  the  angle  of  the  bend. 

Gas  and  Oil  Engines. — Gas-engines  can'  be  conveniently 
used  on  the  surface,  but  are  unsuitable  for  mines,  owing  to  the 
danger  from  escaping  gas.  This  difficulty  is  got  over  by  the  use 
of  the  oil-engine.  This  is  driven  by  the  explosion  of  paraffin-oil 
spray  mixed  with  air,  in  the  same  way  as  gas-engines  are  driven. 
To  start  the  engine  a  large  lamp  or  fire  is  required,  which  is  placed 
inside  the  base  of  the  machine.  After  the  engine  has  been  started, 
the  heat  of  the  explosion  in  the  cylinder  is  sufficient  to  warm  and 
vaporize  the  injected  oil,  and  there  appears  to  be  no  exposed 
flame  or  heat  capable  of  igniting  fire-damp ;  but  in  using  this 
engine  it  must  always  be  borne  in  mind  that  fire  is  required  every 
time  the  engine  is  started.  The  oil-engine  is  now  used  in  many 
mines  for  pumping,  hauling,  and  rock-drilling. 
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CHAPTER  XVIII. 


WINDING  -  ENGINES  :  VERTICAL,  HORIZONTAL,  COUPLED  ;  SIZE, 
POWER,  SPEED;  VALVES,  BRAKES,  AUTOMATIC  STOP-VALVES 
AND  BRAKES,    BALANCING,    ETC. 

Winding-engines  are  the  machines  by  which  the  mineral  and 
sometimes  the  workmen  are  raised  from  the  mine.  One  of  the 
simplest  and  most  primitive  is  the  windlass  (see  Fig.  492).  This 
may  be  used  with  one  rope  and  one  bucket,  or  with  two  ropes 
and  buckets,  or  with  one  rope  turned  seven  or  eight  times  round 
the  barrel  and  two  buckets,  but  this  is  only  suitable  for  a  very 


Fig.  492. — Windlass  :  side  view. 

slight  depth.  The  windlass  may  be  constructed  with  a  saddle 
made  of  iron  bars  (see  Fig.  493).  The  rope  is  wrapped  round 
ten  or  twelve  times,  and  at  each  end  is  hung  a  bucket ;  as  the 
windlass  is  turned,  the  friction  of  the  rope  raises  the  loaded 
bucket,  but  the  shape  of  the  saddle  prevents  the  rope  from 
screwing  itself  off  the  end.     Horse-power  is  often  applied.    One 
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simple  means  is  shown  in  Fig.  213 ;  another  is  a  horse-gin, 
or  drum  turned  by  a  horse  (see  Fig.  471).  Horse-gins  are 
seldom  used  nowadays. 

Water  -  wheel.  —  A 
water-wheel  is  often  used 
for  raising  the  cage  or 
bucket  (see  Figs.  494  and 
494a).  The  empty  cage  is 
lowered  down  by  discon- 
necting the  winding-drum 
from  the  wheel  and  apply- 
ing a  brake.  In  other  cases 
the  motion  of  the  drum  is  re- 
versed by  means  of  change- 
able spur  or  bevel  wheels, 
connecting  the  shaft  of  the 
water-wheel  with  the  drum- 
shaft  In  Germany  a  double 

Water-wheel     is     Used    (see  Fig.  492a.— Windlass:  end  view. 

Fig.  495),  the  buckets  of 

one  wheel  fixed  to  turn  in  one  direction,  and  the  buckets  of  the 

other  fixed  to  turn  in  the  other  direction.     Valves  turn  the  water- 


f  ig.  493. — Windlass :  iron  saddle. 

current  on  to  one  wheel  or  the  other,  according  to  the  direction 
in  which  the  drum  has  to  be  turned.  _ 

Water-balance.— A  method  that  has  been  used  m  some  ot 
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the  Glamorganshire  mines  is  a  water-balance  (see  Fig.  496).    In 
this  case  there  are  two  cages ;  underneath  the  bottom  of  each  is 


Fig.  494. — Single  water-wheel. 

fixed  a  water-tank.  The  cage  tank  which  is  at  the  top  is  filled 
with  water  from  a  spout,  the  weight  of  which  overbalances  the 
load  of  coals  in  the  other  cage,  which  is  so  raised  to  the  surface. 

On  reaching  the  bottom, 
a  valve  in  the  bottom 
of  the  water-tank  is 
forced  open  by  a  block 
of  wood  pressing  against 
the  valve-spindle,  and 
the  water  escapes.  The 
water  has  to  be  pumped 
up  by  a  pump  worked 
by  the  water-wheel,  un- 
less there  is  an  adit  on 
the  lower  level  by  which 
it  can  escape.  This 
method  of  winding  is 
slow. 

Steam-engine.  — 
The  steam-engine  is  now  almost  universally  used.  One  hundred 
years  ago  the  kind  of  engine  employed  was  that  now  known  as 
the  atmospheric  engine.     The  top  of  the  cylinder  is  open,  and 


Fig.  494a. — Single  water-wheel. 
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Fig.  405. — Double  water-wheel. 

the  top  of  the  piston  is  subjected  to  the 
pressure  of  the  atmosphere.  By  means 
of  the  condenser,  the  pressure  of  the 
atmosphere  is  removed  from  the  under- 
side of  the  piston,  which  thus  makes 
the  down-stroke.  The  up-stroke  of  the 
piston  is  made  by  the  heavy  weight  on 
the  connecting-rod  at  the  outer  end  of 
the  beam.  Engines  of  this  class  have 
been  frequently  seen  at  work  within  the 
last  thirty  years.  The  Boulton  and  Watt 
engine  has  a  cover  on  the  cylinder;  the 
condenser  is  removed  to  a  distance  of 
a  few  feet  from  the  cylinder.  The 
engine  is  generally  double-acting ;  that 
is  to  say,  steam  is  admitted  both  above 
and  below  the  piston.  The  winding- 
drum  in  the  atmospheric  engine  and  in 
the  Boulton  and  Watt  engine  was  on 
the  second  motion ;  that  is  to  say,  the 
drum  was  on  a  shaft  separate  from  the 
engine-shaft,  the  movement  being  com- 


Fig.  496. — Water-balance,  r,  water- 
compartment  and  valve  ;  a,  cage 
for  tubs;  3,  valve  lifted  auto- 
matically at  bottom. 
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municated  by  spur-wheels,  that  on  the  engine-shaft  being  say 
one-third  of  the  diameter  of  the  other  on  the  drum-shaft,  thus 
reducing  the  speed  of  the  drum.  In  more  modern  times  the 
drum  was  placed  on  the  engine-shaft,  necessitating  a  larger  engine 

to  make  the  winding  quicker.  Wind- 
ing-drums are  often  on  the  second 
motion  at  the  present  time,  when  only 
a  slow  speed  of  winding  is  required. 
Beam-engines  are  sometimes,  but 
rarely,  used  for  winding  at  the  present 
day. 

Vertical  direct-acting  single  engines 
came  largely  into  fashion,  and  be- 
tween thirty  and  fifty  years  ago  were 
probably  the  favourite  type.  An  ex- 
ample is  shown  in  Figs.  497  and  498. 
Such  an  engine  as  there  shown  would 
have  a  cylinder  say  30  inches  in  diameter,  with  a  5-feet  stroke, 
and  a  rope-roll  say  10  feet  in  diameter,  or  it  might  be  of  larger 
size,  say  40-inch  cylinder  and  6-feet  stroke,  and  a  rope-roll  12  to 
14  feet  in  diameter.     The  ropes  used  on  the  engine  shown  in 


Fig.  497. 


Fig.  498. 


Fig.  497.—  Single  vertical  engine  : 
side  view.  Fig.  498.  —Ditto  : 
end  view. 


Fig.  499, — Wilson  winding-engine  :  single  cylinder,  condensing,  flat-rope  drums. 

the  figures  being  a  flat  iron  wire  rope,  the  diameter  of  the  rope- 
roll  increases  as  the  rope  is  wound  up.  There  was  a  heavy  fly- 
wheel on  the  shaft,  to  which  a  brake-strap  was  applied. 

Fig.  499  shows  a  large  engine  erected  at  Monkwearmouth 
Colliery  about  twenty-five  years  ago.  The  winding- engine  is 
direct-acting,  and  has  a  single  vertical  cylinder  68  inches  in  dia- 
meter, with  a  7-feet  stroke.  The  boiler-pressure  is  20  lbs. ;  there 
is  a  condenser  in  which  the  vacuum  reaches  124  lbs.     The  steam- 


WINDING-ENGINES  :  VERTICAL,  HORIZONTAL,  ETC.     387 

valves  are  double-beat  Cornish  15  inches  in  diameter;  the  exhaust- 
valves  are  the  same — they  lift  i^-  inch.  The  drums  for  flat  ropes 
are  22  feet  in  diameter.  When  the  rope  is  wound  up,  the  diameter 
is  25  feet ;  23!  revolutions  of  the  drum  raise  the  cage  from  the 
bottom  to  the  top.  The  cage  is  of  steel,  with  four  decks ;  each 
deck  has  two  tubs  or  waggons ;  each  waggon  weighs  about  5^ 
cwt.,  and  holds  about  8£  cwt.  of  coal.  The  time  occupied  in  each 
journey  is  about  i£  minute;  it  takes  from  8  to  10  seconds  to 
run  the  full  tubs  off  and  empty  tubs  on  to  each  tier  of  the  cage, 
and  6  seconds  toi  start  at  the  beginning  of  each  journey.  There 
are  six  boilers,  each  33  feet  long  and  7^  feet  in  diameter.1  The 
piston-rod  of  the  engine  is  guided  in  a  strictly  vertical  direction 
by  means  of  a  parallel  motion  consisting  of  two  beams  and  a 
connecting  link  fastened  to  the  cross-head,  as  shown  in  the  figure, 
and  on  somewhat  larger  scale  in  Fig.   500.      In  this  figure  E 


Fig.  500. — Parallel  motion.  A,  B,  fixed  ends  of  levers  ;  C,  D,  E,  various  positions 
of  link;  E  is  the  pin  passing  through  cross-head  connecting  rod  and  link;  C 
is  the  pin  connecting  lever  B  to  the  link ;  D  is  the  pin  connecting  lever  A  to 
the  link. 

represents  a  pin  through  the  cross-head  of  the  piston-rod,  to  which 
is  attached  a  link  C  D,  which  is  free  to  revolve  on  the  pin  E ;  at 
C  is  a  pin  connecting  the  link  C  D  with  a  strong  lever  or  beam 
CD;  at  D  is  a  similar  pin  connecting  the  link  C  D  with  a 
similar  strong  lever  or  beam  A  D.  The  beam  C  B  turns  on  the 
centre  B,  and  the  beam  D  A  turns  on  the  centre  A.     It  will  be 

1  These  particulars  were  taken  in  the  year  1870. 


338  MINING. 

seen  that  the  centre  B  is  on  a  level  higher  than  the  centre  A  by 
a  height  nearly  equal  to  the  length  of  the  link  C  D.  If  we 
assume  that  the  piston  is  at  half-stroke,  then  the  pin  E  will  be  in 
the  middle  of  the  three  places  denoted  by  the  letter  E  on  the 
vertical  dotted  line.  If  the  piston  moves  upward,  the  tendency 
of  the  lever  B  C  is  to  pull  the  cross-head  towards  B,  whilst  the 
tendency  of  the  lever  D  A  is  to  pull  the  cross-head  towards  A. 
These  two  tendencies  counteract  each  other,  and  the  movement 
of  the  piston  is  thus  maintained  in  a  vertical  line.  In  many 
vertical  engines  the  piston-rod  is  guided  by  bars  of  cast  iron, 
between  which  the  cross-head  slides  ;  there  is,  of  course,  friction 
between  the  slide  and  the  bars,  and  considerable  care  has  to  be 
taken  in  their  adjustment,  in  order  that  they  shall  not  be  so  tight 
as  to  cause  undue  friction,  nor  so  loose  as  to  allow  perceptible 
oscillation  of  the  piston-rod.  The  levers  used  for  parallel  motion 
are  used  for  working  the  air-pump  rod,  cold-water  pump  rod, 
valve  rod,  etc. 

Coupled   Engines. — Winding-engines   are   now  almost  in- 
variably made  in  pairs  with  a  crank  at  each  end  of  the  drum-shaft, 
as   in   Fig.    501,    which    represents   a 
pair  of  horizontal  winding-engines,  with 
cylinders  36  inches  in  diameter,  6-feet 
stroke,  rope-rolls  being  about   14  feet 
in  diameter,  the   fly-wheel   serving  as 
Fig.  sol— Coupled  engines :  cranks  a  brake  rim   in  the  centre,  flat  iron 
"  '      "  or  steel  wire  ropes  being  used.     The 

valves,  being  equilibrium  or  double  beat,  are  so  adjusted  that  the 
engine-man  can  easily  reverse  or  moderate  the  engine  by  means  of 
the  link  motion.  The  cranks  are  placed  at  right  angles,  so  that  both 
engines  can  never  be  at  the  dead-centre  at  once.  With  a  single 
engine  it  is  evident  that  if  the  engine  is  standing,  and  the  centre  of 
the  crank-shaft  and  the  piston-rod  are  in  the  same  straight  line,  no 
amount  of  pressure  on  the  piston  will  move  the  engine,  and  some 
external  force  has  to  be  applied  to  the  drum  to  start  it ;  with  the 
coupled  engines,  when  one  is  on  the  dead-centre,  the  other  is  at 
right  angles,  and  its  piston  has  the  maximum  leverage  for  lifting 
the  load.  These  engines  can  therefore  be  started  or  stopped  at  any 
part  of  the  stroke,  and  the  starting  or  stopping  can  be  made  very 
gradual;  in  this  respect  they  have  a  great  advantage  over  the 
single  engine,  which  must  be  always  brought  to  rest  when  the 
crank  is  nearly  at  right  angles  to  the  direction  of  the  piston-rod, 
and  a  sudden  start  must  be  made  in  order  to  get  over  the  dead- 
centre.  For  these  reasons  coupled  engines  are  now  universally 
employed  for  winding,  the  sectional  area  of  the  two  cylinders 
being  together  equal  to  the  sectional  area  of  the  single-cylinder 
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engine,  supposing  the  stroke  to  be  of  equal  length  in  each 
case. 

Inverted-cylinder  Engines. — Figs.  502  and  503  show  a 
pair  of  inverted  cylinder  winding-engines,  the  drum-shaft  being 
near  the  ground-level,  and  the  cylinder  above  on  an  iron  frame. 
The  engines  here  represented  were  those  erected  at  the  Harris's 
Navigation,  in  Glamorganshire.  Each  cylinder  is  54  inches  in 
diameter ;  the  stroke  is  7  feet ;  the  cylinders  are  steam-jacketed ; 
the  valves  are  double-beat,  steam-valves  14  inches  in  diameter; 
exhaust -valves,  16  inches;  trip  expansion  gear  is  applied  to  the 
steam-valves.  The  cranks  are  of  hammered  iron ;  the  crank-pin 
is  1 1  inches  in  diameter ;  the  shaft  is  of  wrought  iron,  24  inches 
in  diameter.  Bearings  are  20  inches  in  diameter  by  30  inches 
long.1  The  drum  is  a  scroll  or  spiral  drum,  18  feet  on  the  small 
diameter,  rising  by  fourteen  coils  on  the  scroll  to  a  diameter  of  32 
feet.  The  cages  and  bridles  were  each  2  tons  10  cwt.,  holding  four 
trams  weighing  2  tons,  containing  coal  6  tons  ;  total,  10  tons  10  cwt. 

Horizontal  Engines. — It  is  now  usual  to  lay  the  engines 


Fig-  5°4- 


Figs.  504,  503. 


Fig.  5°5- 
-Coupled  engines  :  horizontal  (Denaby). 


horizontal  on  a  bed  of  masonry,  the  cast-iron  bed-plate  being 
bolted  down  to  the  masonry,  the  cylinders,  guide-bars,  and 
pedestals   bolted   on  to   the  cast-iron   bed-plate  (see  Figs.  504, 

1  Above  particulars  and  the  figures  were  taken  from  a  paper  for  the 
Institution  of  Civil  Engineers,  by  Messrs.  T.  Forster  Brown  and  G.  F.  Adams, 
on  deep  winning  of  coal  (vol.  64,  part  2). 
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505).  The  horizontal  and  vertical  engines  each  have  their 
advocates,  and  it  is  almost  impossible  to  say  that  one  class  is 
better  than  the  other.  The  engines  shown  in  the  figure  were 
examined  by  the  writer  more  than  twenty  years  ago,  and  still 
continue  in  full  work,  though  the  machinery  has  since  been 
modernized  by  the  entire  substitution  of  steel  for  iron  in  the 
ropes  and  cages,  and  in  other  ways. 


Table  XXI. — Table  of  Chief   Dimensions,  Weights,  etc., 
op  the  Winding-engine  (in  1870). 


Description  of  engine : 

Number  of  cylinders : 

Diameter  of  cylinders : 

Effective  area  of  cylinders  together  : 

Length  oS  stroke  : 

Pressure  of  steam  : 

Average  vacuum  in  condenser  : 
Maximum  velocity  of  piston  : 
Mean  ,,  ,, 

Description  of  valves : 
Diameter  of  steam- valves  : 
Diameter  of  exhaust-valves  : 
Lift  of  valves : 
Area  0/  steam  port : 


to   area  of 


Ratio   of  area   of  port 

cylinder  : 
Diameter  of  steam-pipe : 
Diameter  of  exhaust-pipe 
Length  of  exhaust-pipe : 


Number  of  exhaust  mains  : 

Maximum  diameter  of  drums  : 

Minimum        „  „ 

Mean  ,,  ,, 

Revolutions  per  journey : 

Mean  revolutions  per  minute  . 

Weight  of  drums  and  fly-wheel : 

Weight  of  shaft : 

Total  weight  of  moving  parts,  in- 
cluding load,  etc.,  moving  at  a 
diameter  of  18  feet,  all  weights  at 
a  greater  or  less  diameter  reduced 
to  their  value  at  the  said  diameter : 

Total  weight  of  moving  parts,  in- 
cluding ropes,  pulleys,  coals, 
drums,  and  engine  : 

Description  of  ropes : 

Weight  per  fathom  : 


horizontal  high-pressure  engine. 

two. 

40  inches. 

2490  square  inches. 

6  feet. 

43  lbs.  maximum  observed  in  cylinders; 

gauge  about  45  lbs. 
no  condenser. 
700  feet  a  minute. 

36°   ..  .. 

double-beat  brass  valves, 
about  13  inches, 
about  15  inches. 
1^  and  l|  inch. 

about  80  square  inches ;  the  same  port 
serves  for  steam  and  exhaust 

1  :  16. 

9j  inches  branch. 

10  inches. 

70  feet  to  feed  water-heater  with  seven 
elbows  from  right-hand  engine.  The 
other  exhaust-pipe  is  shorter. 

one. 

18  feet. 

18  feet. 

18  feet. 

23f- 

3°- 

about  73,000  lbs. 

about  17,000  lbs. 

80,000  lbs  ;  equals  factor  of  energy 
for  any  given  velocity. 


about  158,000  lbs. 


round  wire  ropes,  one  iron  and   one 

steel. 
iron  29  lbs.,  steel  23  lbs. 
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Weight  of  cage : 

Weight  of  tubs  (four) : 

Weight  of  coals  : 

Ratio  of  gross  to  net  load : 

Mean  speed  of  cage  in  shaft : 

Maximum  speed  of  cage  in  shaft: 

Depth  of  pit  : 

Time  occupied  each  journey : 

„  „        in  landing : 

Foot-pounds  of  power  exerted  by  the 

engine  each  journey : 
Foot-pounds  of  useful  effect  or  duty 

each  journey : 
Ratio  of  gross  to  effective  power  : 
Ratio  of  maximum  pressure  to  dead 

load  at  commencement : 
Boilers,  description : 

„        number: 
, ,         dimensions : 

,,        heating  surface  each  boiler  : 
,,        grate  surface  each  boiler  : 
,,        ratio    of   grate    to    heating 
surface : 
Maximum  indicated  horse-power : 


iron  cage,  5376  lbs. 

about  2130  lbs. 

4480  lbs. 

2-67  :  I. 

1691  feet  per  minute. 

3080  feet    „        ,, 

1351  feet. 

47  seconds. 

23  seconds. 

about  12,000,000  foot-pounds. 

6,300,000  foot-pounds. 

100  :  53 

100  :  50 

plain,     externally      fired,     egg-ended 

boilers, 
eight,  seven  at  work. 
30  feet  long  by  5J  feet  in  diameter,  and 

6  feet  in  diameter, 
say  200  square  feet. 
35  square  feet. 
7  :  4°- 

950  H.  P. 


Valves. — One  of  the  best  kind  of  valves  for  ordinary  engines 
is  the  slide-valve.  This  valve  is  kept  steam-tight  against  the  face 
of  the  valve-chest  by  the  pressure  of  the  steam  at  the  back.  It  is 
often  used  for  winding-engines,  but  for  engines  with  cylinders 
20  inches  and  upwards  in  diameter,  with  a  steam-pressure  of  say 
30  lbs.,  or  for  engines  of  say  18  inches  in  diameter,  with  a  steam- 
pressure  of  60  lbs.  and  upwards,  a  good  deal  of  power  is  required 
to  overcome  the  friction  of  the  valve.  The  amount  of  this  power 
is  of  no  importance  when  the  work  is  done  by  the  engine,  but 
when  the  engine  is  reversed,  stopped,  and  started,  the  valve  has 
to  be  worked  by  the  engine-man,  who  has  to  move  this  valve 
perhaps  four  or  five  times  a  minute.  For  this  reason,  when  the 
slide-valve  is  used  for  large  winding-engines,  some  contrivance  is 
applied  for  balancing  the  pressure  of  steam  so  as  to  reduce  the 
friction  of  the  valve.  Several  ways  of  effecting  this  result  are 
adopted,  one  of  which  is  shown  in  Fig.  506.  In  this  case  the 
valve-box  cover  has  a  large  tube  standing  out  say  2  fe"et ;  near  the 
end  of  this  is  a  thin  steel  diaphragm,  a,  from  which  a  rod  is  con- 
nected to  the  back  of  the  slide-valve.  The  pressure  of  the  steam 
on  the  diaphragm,  acting  through  the  rod,  tends  to  hold  the  valve 
off  the  face,  but,  the  diaphragm  being  less  in  area  than  the  valve, 
there  is  sufficient  steam-pressure  to  keep  the  valve  on  the  face. 
It  is  liable  to  rattle  sometimes,  when  the  throttle-valve  is  closed. 


WINDING-ENGINES  :  VERTICAL,  HORIZONTAL,  ETC.     393 

It  is,  however,  a  general  rule  to  use  the  double-beat  or  equi- 
librium valve,  shown  in  Fig.  507.  It  has  several  advantages  over 
the  slide-valve.  The  distance  the  valve  has  to  move  in  reversing 
the  engine  is  less,  say  |  or  i;  consequently,  the  leverage  of  the 
engine-man  is  three  or  four  times  as  great.  The  pressure  of  the 
steam  does  not  cause  any  friction  in  the  movement  of  the  valves, 
other  than  the  friction  due  to  the  stuffing-boxes  of  the  valve- 


Fig.  506. — Balanced  slide-valve. 


Fig.  507. — Equilibrium-valve. 


spindles,  which  friction  has  also  to  be  dealt  with  in  the  slide-valve. 
The  only  power  required,  other  than  that  necessary  to  overcome 
the  friction  of  the  joints,  links,  levers,  and  of  the  spindle  stuffing- 
boxes,  is  that  necessary  to  overcome  the  pressure  of  steam  upon 
the  valves  which  are  closed.  There  will  be  one  valve  to  lift  at 
once  for  each  cylinder,  so  that  the  engine-man  must  have  sufficient 
leverage  to  overcome  the  pressure  of  steam  upon  two  valves. 
Owing  to  the  construction  of  the  valves,  the  steam-pressure,  how- 
ever, only  takes  effect  upon  two  narrow  ripgs  round  each  valve, 
say  j  inch  wide.  Supposing  the  diameter  of  the  valve  to  be 
15  inches  inside,  the  circumference  will  be  about  48  inches,  and, 
being  \  inch  wide,  this  gives  1 2  square  inches  of  area  for  each  ring, 
or  24  square  inches  for  both,  on  which  is  a  steam-pressure  of  say 
60  lbs. ;  the  total  pressure  keeping  the  valve  closed  will  thus  be 
1440  lbs. ;  as  there  are  two  valves  to  lift  at  once,  the  total  is 
2880  lbs.  pressure.  If  the  valves  lift  a  maximum  distance  of 
1 J  inch,  the  lever  will  have  to  travel  say  2\  inches,  and  to  accomplish 
that  movement  the  engine-man  will  move  his  hand  say  50  inches, 
or  twenty  times  as  far;  so  that  2880  lbs.  of  weight  has  to  be  divided 
by  20,  requiring  a  pressure  of  144  lbs.  on  the  lever-handle.  This 
would  be  too  great  a  pressure  for  the  man  to  exert  for  the  whole 
4  feet  through  which  he  moves  his  hand-lever ;  but  it  has  only  to 
be  exerted  for  a  small  fraction  of  1  inch,  because  the  instant  the 
valve  is  lifted  from  its  seat  the  steam-pressure  gets  under  it,  and 
the  power  required  to  lift  it  is  then  comparatively  slight,  and  the 
force  to  overcome  this  weight  of  144  lbs.  is  found  in  the  momentum 
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of  the  levers  and  balance  weights,  which  move  some  distance 
before  the  lift  of  the  valve  begins. 

Link-motion. — The  valves  are  generally  worked  by  means 
of  eccentrics,  and  the  engine  is  reversed  and  regulated  by  means 
of  a  link  (see  Fig.  508).  There  are  two  eccentrics,  a  and  b,  for  each 
cylinder;  each  eccentric-strap  is  connected  by  a  rod,  A  and  B, 
with  one  end  of  the  link,  I;  the  valve-rod,  r,  ends  in  a  block,  c, 
which  will  slide  up  and  down  in  the  link.     When  the  block  is  at 
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Feg.   508. — Eccentrics,  eccentric-rods,  link,   vaive-rods,  hand-lever,  valve-chests,  valve- 
spindles,  etc.   This  figure  only  shows  two  valves  out  of  the  four  required  for  each  cylinder. 

the  bottom  of  the  link,  it  is  necessarily  driven  by  the  eccentric-rod 
connected  to  the  bottom  of  the  link.  If  the  block  is  moved  to 
the  top  of  the  link,  it  is  then  driven  by  the  eccentric-rod  con- 
nected to  the  top  of  the  link.  If  the  block  is  put  in  the  middle 
of  the  link,  it  is  not  moved  at  all,  as  the  link  turns  upon  its  own 
centre.  If  the  block  is  moved  half-way  between  the  centre  of  the 
link  and  one  end,  the  valves  are  then  opened  only  half  their 
maximum  distance,  and  are  sooner  closed,  giving  the  engine  less 
steam,  and  thus  the  speed  is  regulated.  Instead  of  moving  the 
block  up  and  down  in  the  link,  it  is  a  common  plan  to  move 
the  link  up  and  down  over  the  block. 

It  must  be  borne  in  mind  that  the  effect  of  the  link  and 
eccentric  is  in  practice  not  exactly  what  it  ought  to  be,  and  there 
is  a  great  variety  of  design  in  the  link  and  connections  with  the 
valves  in  order  to  attain  a  regular  and  uniform  action  of  the  valves. 
For  the  economical  use  of  steam  and  the  quick  working  of  the 
engine,  it  is  necessary  to  give  the  valves  a  little  "lead;"  that  is 
to  say,  the  steam-valve  must  begin  to  open  a  very  little  before  the 
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beginning  of  the  stroke,  and  the  exhaust-valve  must  open  a  little 
before  the  end  of  the  stroke,  say  at  |g .  This  is  necessary  for  two 
treasons  :  Firstly,  the  opening  of  the  valves  is  gradual,  and  unless 
the  opening  begins  a  little  too  soon,  the  valves  will  not  open  in 
time  to  their  full  width.  Secondly,  even  supposing  the  valves  to 
be  opened  to  their  full  width,  it  is  desirable  that  the  steam  should 
begin  to  enter  the  cylinders  a  little  before  the  beginning  of  the 
stroke,  and  so  cushion  the  piston ;  and  it  is  also  desirable  that  the 
exhaust  steam  should  begin  to  leave  a  little  before  the  end  of 
the  stroke,  and  so  give  the  steam  time  to  get  out  of  the  cylinder 
before  the  piston  has  advanced  far  on  the  return  stroke.  The 
effect  of  want  of  "lead"  is  clearly  shown  in  Fig.  518,  where, 
owing  to  the  steam-valve  not  having  sufficient  "  lead,"  full  steam- 
pressure  is  not  attained  until  the  piston  has  completed  one-tenth 
of  its  stroke,  and  where,  owing  to  the  exhaust-valve  not  having 
sufficient  "  lead,"  the  steam  never  gets  out  of  the  cylinder  during 
the  return  stroke.  This  is  due  to  the  high  speed  at  which  the 
engine  is  going  at  the  seventh  revolution.  On  referring  to  Fig.  519, 
where  the  engine  is  only  just  starting,  it  will  be  seen  that,  owing  to 
the  slow  speed  at  which  the  piston  is  moving,  there  is  time  for  the 
steam  to  attain  full  pressure  at  the  back  of  the  piston,  and  also  for 
the  exhaust  steam  to  escape  from  the  front  of  the  piston.  In 
order  to  give  the  valves  the  requisite  "  lead,"  it  is  necessary  that 
the  eccentrics  should  be  put  forward.  Referring  to  the  Fig.  508, 
the  eccentrics  a  and  b  are  shown  with  their  centres  e  and  /  in  a 
vertical  line  one  above  the  other.  This  represents  them  with  no 
"  lead."  In  order  to  give  a  "  lead  "  the  eccentric  a  will  have  to 
be  moved  round  the  shaft  h  in  the  direction  of  the  line  e  p ;  and 
the  eccentric  b  must  also  be  moved  round  the  shaft  in  the  direc- 
tion of  the  line/  q.  This  throwing  forward  the  eccentric  gives, 
of  course,  a  corresponding  movement  to  the  link,  and  through  the 
block  to  the  valve-rod  and  valve.  The  eccentrics  are  generally 
fixed  either  with  a  hollow  key,  so  that  they  can  be  moved  round 
the  shaft  to  any  desired  position  by  slackening  the  key,  or  are 
attached  to  a  fixed  disc  on  the  shaft  by  means  of  a  pin  working 
in  a  slot  in  the  fixed  disc  which  can  be  tightened  at  the  required 
position.  The  exact  amount  of  "  lead  "  to  give  a  valve  requires 
to  be  very  carefully  determined  by  drawings  and  models. 

In  some  places  the  engine-man  is  saved  the  labour  of  working 
the  valves  of  the  main  engine  by  hand,  his  hand-lever  merely 
giving  motion  to  a  small  steam-engine  (see  A,  Fig.  509,  from  a 
photograph  by  the  author),  which  raises  or  lowers  the  links,  B,  of 
the  main  engine.  Whilst  the  use  of  this  subsidiary  engine  to  work 
the  valves  is  often  found  very  convenient,  the  general  practice  in 
England  is  so  to  balance  the  valve  and  valve-gearing  that  the 
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engine-man  is  able  to  reverse  the  valves  with  ease,  without  any 
other  power  than  that  of  his  own  arm.  Equilibrium-valves  must 
always  be  so  set  that  the  steam-pressure  is  on  the  top  of  the  valve, 
and  therefore  the  valve  cannot  be  opened  by  the  steam-pressure  ; 


Fig.  509. — Engine-man  working  valves  by  hand-levers,  actuating  small  engine  that  works  the 

main-valves. 

thus  the  steam-valves  open  against  the  boiler-pressure  and  the 
exhaust-valves  open  against  the  cylinder-pressure,  so  that,  no 
matter  how  much  the  steam  in  the  cylinder  is  compressed,  it  will 
not  open  the  exhaust.  This  is  essential  to  safety,  though  some 
engine-makers  have  failed  to  understand  the  necessity  for  this 
arrangement. 

Instead  of  lifting  the  equilibrium-valve  spindles  by  levers,  they 
are  sometimes  lifted  by  wedge-shaped  slides,  as  shown  in  Fig.  508, 
letters  W,  W.1  The  effect  of  these  wedge-slides  is  not  merely  to 
open  the  valves,  but  to  close  them,  so  that  there  can  be  no  possi- 
bility of  a  valve  sticking  open.  This  seems  to  be"  a  great  advan- 
tage. In  order  that  these  wedge-shaped  slides  may  lift  the  levers 
without  much  friction  or  throw  an  undue  lateral  strain  on  the 
valve-spindle,  friction-rollers,  k  k,  are  fixed  on  the  spindle,  against 
which  the  wedge  or  incline  plane  presses.  The  valve-spindle  is 
also  guided  by  a  vertical  slide,  /,  to  counteract  the  effect  of  the 
lateral  thrust  of  the  wedge-block.  These  wedge-blocks  can  be 
moved  on  the  horizontal  rod  to  any  position,  so  as  to  give  the 
desired  lift  of  the  valves  and  best  cut-off  of  the  steam-valve. 

Expansion-valves. — There  is  great  economy  in  working 
steam  expansively ;  to  do  this  the  steam-valve  must  be  opened  as 
wide  as  possible  at  the  beginning  of  the  stroke,  so  as  to  admit 
steam  to   the  cylinder   at   the  full   boiler-pressUre.     When   the 

1  Sketched  from  engines  erected  by  Messrs.  Robert  Daglish  and  Co. 
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piston  has  travelled  from  one-quarter  to  one-half  of  its  stroke,  the 
steam-valve  is  suddenly  closed,  the  rest  of  the  stroke  being 
accomplished  by  the  expansion  of  the  steam  ;  this  may  be  accom- 
plished, with  a  double-beat  valve,  by  the  use  of  trip-gear,  a 
lengthened  description  of  which  would  be  out  of  place  in  an 
elementary  treatise. 

Methods  of  working  winding-engine  valves  with  variable  ex- 
pansion have  been  devised  by  Guinotte,  Audemar,  and  others. 

Cam-gear. — On  the  continent  it  is  quite  common  to  work 
the  valves  by  means  of  cam-gear  instead  of  link-motion.  Fig. 
510   shows   a   method   of  doing   this.      By  means  of  bevelled 


Bevel'  Cear 


exhaust  Open 
All  the  Stroke 

H  Stroke^     ^14  Stw)k6 

Fig.  510. — Sliding  cam-valve  gear  for  winding-engines,    r,  rods  to  open  the  valves. 

gearing,  A,  from  the  drum-shaft,  rotary  motion  is  given  to  a  long 
shaft,  B,  which  passes  by  the  side  of  each  cylinder ;  on  this  shaft 
is  a  sliding  cylinder,  C,  with  cams,  two  for  each  valve.  A  rod 
from  each  valve  rests  upon  a  cam.  As  the  shaft  revolves,  the 
cam  raises  or  lowers  the  valve-rod,  so  opening  or  closing  the  valve. 
By  sliding  this  cylinder,  the  cams  are  moved  from  under  the 
valve-rods  till  the  valve-rods  rest  upon  that  part  of  the  revolving 
cylinder  where  there  is  no  cam,  and  the  valves  have  thus  no 
movement,  but  remain  closed.  The  cams  are  gently  tapered,  so 
that,  if  the  sliding  cylinder  is  only  moved  a  little  way,  the  valve- 
rod  rests  upon  the  smaller  part  of  the  cam  ;  the  steam-valve  in  this 
case,  instead  of  being  kept  open  for  the  whole  stroke,  is  only  kept 
open  for  say  half  of  the  stroke,  the  exhaust-valve  having  the  same 
lift  as  before.  The  engine  is  reversed  by  sliding  the  cylinder 
until  another  set  of  cams  comes  under  the  valve-rods,  by  which 
their  period  of  opening  is  reversed.  Very  little  power  is  required 
for  the  reversing  of  the  engine  by  this  means,  and  the  engine-man 
can  regulate  the  amount  of  expansion  at  will. 

Counterbalancing. — If  the  winding-engine  had  to  lift  only 
one  cage,  it  would  have  to  be  sufficiently  powerful  to  lift  the 
weight,  not  only  of  the  coal,  but  of  the  waggons  in  which  it  is 
carried,  of  the  cage,  and  of  the  whole  length  of  the  winding-rope 
down  to  the  pit-bottom — a  total  weight  say  three  to  four  times  as 
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great  as  the  net  load  of  coals.  When  there  are  two  cages,  one 
going  up  when  the  other  comes  down,  they  balance  each  other, 
and  also  the  waggons  balance,  therefore  the  only  load  the  engine 
has  to  lift  is  that  of  the  coal  and  that  of  the  rope.  Just  at  the  start 
the  weight  of  the  rope  is  very  great,  but  when  it  is  half-way  the 
descending  rope  is  as  heavy  as  the  ascending  rope,  and  they 
balance  ;  but  when  the  load  of  coals  is  near  the  fop,  the  descend- 
ing rope  may  very  likely  overbalance  the  load  of  coals,  and  the 
winding-engine  has  no  load  at  all  to  lift.  In  order,  therefore,  to 
equalize  the  load  upon  the  engine,  balance-weights  are  sometimes 
used.  In  the  Monkwearmouth  engine  already  described  (see 
Figs.  499  and  511),  heavy  balance-weights,  composed  of  two 
bunches  of  chain  cable,  each  bunch  weighing  5  tons,  are  sus- 
pended in  a  small  pit  over  two  flat  pulleys.  The  bunches  are 
attached  to  a  flat  chain ;  each  chain  is  wound  on  a  small  drum, 
3  feet  6  inches  in  diameter,  rising  to  8  feet  9  inches  in  diameter 
when  the  chain  is  wound  up  on  the  main  shaft  of  the  engine. 
When  the  engine  starts  to  raise  a  load  of  coals,  both  these 
weights  are  hanging  in  the  air,  and  materially  assist  the  engine 


Surface 


Fig.  511. — Balance- 
chain. 


Fig.  512. — Balance-rope  and  pulley-guide 
1,  winding-rope  ;  2,  balance-rope. 


by  balancing  the  weight  of  rope  hanging  down  the  shaft ;  as  the 
engine  proceeds  and  the  rope  is  wound  up,  the  balance-weights 
come  to  the  bottom  of  the  staple-pit,  and  by  the  time  the  engine 
has  accomplished  half  its  journey,  the  flat  chain  on  the  small 
drums  is  all  unwound ;  as  the  engine  goes  on,  the  flat  chain  is 
necessarily  wound  up  again ;  and  before  the  coals  arrive  at  the 
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pit  top  the  balance-weights  are  raised  out  of  the  staple-pit  and  are 
again  hanging  in  the  air,  tending  by  their  weight  to  stop  the 
engines,  and  ready  to  help  the  engine  to  start  on  its  next  journey. 

Another  method  of  balancing  more  recently  adopted  at  col- 
lieries (see  Fig.  512)  is  to  fasten  a  rope  similar  to  the  winding- 
rope  to  the  bottom  of  each  cage,  the  rope  hanging  down  the  shaft 
under  the  top  cage  going  into  the  sump  and  coming  up  to  the 
under  side  of  the  bottom  cage ;  there  is  thus  a  perpetual  balance- 
weight  equal  to  the  winding-rope.  The  balance-rope  sometimes 
passes  by  two  pulleys  in  the  shaft-side,  which  guide  it,  and  some- 
times passes  underneath  a  large  pulley,  which  may  move  up  and 
down  in  a  vertical  slide. 

Scroll  Drum. — Another  method  of  balancing  is  by  means 
of  the   scroll   or  spiral   drum  (see   Figs.    502,    513).      In   this 
latter  figure  the  engines  are  a  pair  of 
36-inch   cylinders,  6-feet   stroke,  and    j=|ij_. .      -:;Vt— 
the   drum  is   20   feet  on  the  smallest    °   °    «gpWiillS§Plf^.--- 

diameter,  and  30  feet  on  the  largest    f   %.  7J^"j)*^ftiS"' 

diameter.     As  the  engine  proceeds  to    ^Tj 
wind  up  with  this  drum,  the  rope  is      FlG.  5I3._spl-rai  or  scroll  drum. 
wound    up   in    spiral   grooves    on    a 

continually  increasing  diameter  of  drum,  until  it  finishes  at  a 
diameter  half  as  large  again  as  that  at  which  it  started ;  whilst  the 
other  rope,  which  is  being  lowered  down  the  shaft,  was  on  a  large 
diameter  at  the  start,  and  on  a  small  diameter  at  the  finish.  The 
effect  of  this  is  that  the  rope  which  is  being  unwound  goes  at  a 
speed  of  say  three,  whilst  the  rope  which  is  being  wound  up  at 
the  start  has  a  speed  of  say  two,  and  consequently  the  descend- 
ing waggons  and  rope  have  a  leverage  of  three  to  two  over 
the  ascending  cage,  waggons,  and  rope,  and  in  this  way  the 
weight  of  the  rope  is  counterbalanced;  and  at  the  end  of  the 
journey,  the  loaded  cage  is  wound  up  on  a  large  diameter,  whilst 
the  descending  rope  and  cage  are  on  a  small  diameter.  This 
helps  to  stop  the  engine,  a  thing  as  difficult  as  the  starting  of  the 
engine. 

Plat  Ropes. — A  certain  amount  of  counterbalancing  may 
be  obtained  in  cases  where  the  winding  is  done  with  a  flat  rope, 
especially  if  this  rope  is  thick,  as  it  would  be  if  made  of  hemp 
or  some  other  vegetable  fibre,  such  as  aloe.  In  Belgium  it  is 
very  common  to  use  ropes  of  aloe  fibre  12  inches  wide  and  i|  inch 
in  thickness.  If  the  drum  makes  thirty  revolutions,  the  diameter 
will  be  increased  by  thirty  times  2£  inches  =  67^  inches;  thus, 
if  at  the  start  the  diameter  of  the  rope-roll  was  5  feet  6  inches, 
at  the  finish  it  would  be  n  feet.  When  the  cage  and  empty 
waggons  descend,    they   are   suspended  from  a   rope-roll  at  its 
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Fig.  514. — Winding  with  aloe  fibre  in  Belgium. 
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largest  diameter,  and  counterbalance  the  weight  of  the  rope  that 
is  ascending  (see  Fig.  514)- 

Shaft  Indicators. — The  engine-man  must  have  before  his 
eyes  a  dial-plate  or  other  contrivance  to  indicate  the  position  of 
the  cage  in  the  shaft.    This  is  sometimes  done  by  attaching  a  small 

cord  to  a  shaft  con- 
nected to  the  engine- 
shaft  by  spur-gearing ; 
this  cord  passes  over 
a  pulley  and  has  a 
weight  suspended  .  at 
the  end  ;  this  weight 
is  raised  up  and  down 
in  a  slide  ;  marks  on 
the  slide  correspond 
with  the  bottom  and 
top  of  the  shaft  on 
a  reduced  scale.  When 
the  weight  is  near  the  top,  it  strikes  against  the  lever  of  a  bell, 
and  so  warns  the  engine-man  to  be  on  the  look  out ;  and  when 
the  weight  is  near  the  bottom  of  the  slide,  it  strikes  against 
another  bell,  or  sometimes  the  cord  is  so  attached  to  the  drum 
that  it  is  all  unwound  at  the  middle  of  the  journey,  and  wound 
up  again  towards  the  end  of  the'journey.  In  this  case  the  weight 
is  always  at  the  top  of  the  slide  when  either  cage  is  at  the  top 
of  the  shaft.  Another  kind  is  to  fix  opposite  the  engine-man  a 
dial-plate  like  the  face  of  a  clock,  and  by  means  of  bevelled  gearing, 
connected  with  the  main  shaft  of  the  engine,  a  pointer  is  made 
to  revolve,  and  show  oft  the  dial  face  the  position  of  the  cage, 
and  when  it  is  near  the  top  a  bell  is  struck. 

Regulator. — Every  winding-engine  is  fitted  with  a  regulator 
or  throttle-valve,  by  which  the  engine-man  can  shut  off  steam 
altogether,  or  let  it  on  in  some  small  proportion.  Sometimes 
this  valve,  which  is  usually  a  double-beat  valve,  is  prevented  from 
entirely  closing,  so  that  it  may  be  more  easily  opened  wide  by 
the  engine-man. 

Brake. — Most  winding-engines  are  fitted  with  a  foot-brake, 
that  is  to  say,  a  brake  on  the  drum,  the  lever  operating  which  is 
under  the  engine-man's  foot,  so  that,  whilst  both  his  hands  are 
engaged,  one  with  the  regulator  valve  and  the  other  with  the 
reversing  lever,  he  may  be  able  to  apply  the  brake  with  his  foot. 
Most  large  winding-engines  also  have  a  steam-brake,  which  is 
similar  to  the  foot-brake,  except  that  the  pressure. is  applied  by 
steam.  The  steam-brake  is  sometimes  applied  by  hand,  and 
sometimes  by  foot.     The  same  brake>strap  is  often  both  foot  and 
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steam  brake,  the  foot  lever  and  the  steam-engine  lever  being  both 
connected,  so  that  the  foot  can  apply  the  brake  first,  the  steam 
being  only  used  occasionally.  A  powerful  steam-brake  is  shown 
in  Fig.  515,  described  further  on. 

Automatic  Overwind  Prevention.— Some  winding- 
engines  are  fitted  with  apparatus  to  stop  the  engine  in  case  the 
engine-man  should  forget,  or  be  unable,  to  stop  it  at  the  right 
place.  Some  of  these  are  designed  on  the  principle  that  the  cage, 
when  lifted  up  above  the  pit-bank,  shall  come  in  contact  with  a 
lever,  a  rod  from  which  is  connected  with  the  steam-valve  and 
the  steam-brake,  and  first  shuts  off  steam  and  then  applies  the 
brake. 

A  very  good  apparatus  to  prevent  overwinding  has  been 
designed  by  Monsieur  E.  Reumaux,  the  chief  engineer  of  the  large 
collieries  at  Lens,  in  the  north  of  France.  This  design  is  shown 
in  Fig.  515.     At  A  is  a  valve-wheel,  which  is  driven  by  means  of 


Fig.  515. — Automatic  steam-brake  and  shut-off  (M.  E.  Reumaux). 

bevelled  gearing  from  the  main  shaft  of  the  winding-engine  ; 
attached  to  this  wheel  are  tappets.  When  the  engine  has  gone 
far  enough,  it  brings  the  tappet  b  against  the  lever  of  the  small 
valve  C,  thus  opening  the  valve  and  allowing  the  steam  in  the 
small  pipe  D  D  to  escape  into  the  exhaust  main,  and  thus  allows 
the  steam  in  the  cylinder  E  to  escape ;  and  the  steam  in  the  other 
end  of  the  cylinder  at  F  then  forces  the  piston  G  across  the  steam- 
pipe,  and  so  closes  it,  shutting  steam  off  from  the  engine.  If  the 
engine-man  has  already  anticipated  this  automatic  steam-valve 
by  lowering  the  handle  H,  and  so  opening  the  small  valve  I,  the 
steam  from  F  will  have  been  allowed  to  escape,  and  thus  the 
automatic  valve  G  will  not  move.  Thus  this  valve  only  moves 
in  case  the  engine-man  shall  have  forgotten  to  shut  off  steam  by 
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the  regulator,  because  by  lowering  the  handle  n  the  lever  J  is 
depressed,  and  the  throttle-valve  or  regulator  K  is  closed.  If 
the  engine  is  not  immediately  stopped  by  this  closing  of  the  steam- 
pipe,  the  tappet  M  comes  in  contact  with  the  lever  N,  opening 
the  small  valve  O,  and  so  permitting  the  escape  of  the  steam  from 
the  small  cylinder  P.  The  upper  part  of  this  cylinder,  Q,  is  in 
connection  with  the  steam-pipe,  and  the  small  piston  R  is  thus 
forced  down,  bringing  with  it  the  valve  S,  and  so  opening  the 
port  into  the  brake  cylinder  T,  thus  lifting  the  piston  U  and 
raising  the  levers  V  and  W  and  tightening  the  connecting-bar  X, 
by  which  means  the  brake-blocks  Y  and  Z,  are  drawn  tightly 
together  against  the  brake  wheel.  The  brake  can  be  taken  off 
by  the  engine-man  lifting  the  slide-valve  S  by  means  of  his  hand- 
lever. 

Drop  Pits. — In  some  mines,  particularly  in  French  thick-coal 
collieries,  a  good  deal  of  stone  has  to  be  lowered  down  the  pit. 
This  is  sometimes  done  by  means  of  a  single  cage  and  balance- 
weight,  the  pulley  or  drum  being  stopped  by  means  of  a  brake. 

Signals. — The  engine-man  is  guided  by  signals  which  ring 
into  the  engine-room  from  the  banksman,  and  also  from  the  pit- 
bottom.  The  bells  which  give  the  signals  are  often  worked  by 
means  of  levers,  wire-strand,  and  bell-cranks.  Electric  bells, 
however,  are  often  used  with  a  great  economy  of  time.  In  some 
metal  mines  there  are  a  great  many  landings  between  the  top  and 
the  bottom,  at  which  the  overlookers  and  workmen  have  to  get 
out,  and  it  is  convenient  to  be  able  to  signal  to  the  bank  and 
engine-room  from  the  cage.  An  ingenious  apparatus  has  been 
used  at  the  Himmel's  Furst  Mine,  near  Freiberg.  The  galvanic 
battery  is  in  the  engine-house  ;  one  pole  is  connected  with  the 
engine-cylinder,  and  through  that  with  the  drum  and  winding- 
ropes  ;  the  other  pole  is  connected  with  a  copper  strip,  which  is 
fastened  to  one  of  the  wooden  conductors  all  the  way  down  the 
shaft ;  thus  if  contact  is  made  between  the  cage  and  this  copper 
strip,  there  is  a  complete  circuit.  In  order  to  make  a  signal,  a 
slide  on  the  cage  is  pressed  by  an  eccentric  against  the  copper 
strip;  then  the  signal  "key"  is  pressed  against  a  knob  on  the 
cage,  thereby  making  contact.  The  number  of  times  the  key  is 
pressed  represents  an  equal  number  of  signals  sent  to  the 
bank. 

Power. — It  is  important  for  a  colliery  manager  to  know  the 
power  required  by  a  winding-engine.  The  most  practical  way 
of  obtaining  this  information  is  by  examining  the  work  done  by 
the  present  engines.  This  has  been  done  in  the  case  of  the 
winding-engine  shown  in  Fig.  504  (and  already  described),  by 
means  of  an  indicator  (see  Figs.  299,  300,  301).     The  diagrams 
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shown  in  Figs.  516,  517,  518,  519,  and  520,  were  taken  from  the 
engines  when  at  work. 

Diagrams  in  this  case  were  taken  from  both  ends  of  both 
cylinders,  which,  of  course,  should  always  be  done.  It  is  advisable 
to  have  separate  indicators  at  each  end  of  each  cylinder,  so  that 
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the  pipe  leading  from  the  cylinder  to  the  indicator  should  be  as 
short  as  possible.  This  is  better  than  the  practice  sometimes 
adopted  of  having  a  "  breeches  "  pipe  connecting  both  ends  of 
the  cylinder,  in  the  centre  of  which  the  indicator  is  placed. 
Diagram  Fig.  516  shows  every  revolution  of  the  engine  from  the 
start  to  the  finish  of  winding  up  a  load  from  the  pit-bottom  to 
the  pit-top,  the  number  of  revolutions  being  23I.  It  will  be  seen 
that  no  two  strokes  show  the  same  steam-pressure  nor  the  same 
back  pressure.  This  is  due  to  the  fact  that  no  two  strokes  are 
made  at  the  same  speed  during  acceleration,  and  as  the  speed 
increases,  the  steam  is  unable  to  follow  up  the  piston,  partly  owing 
to  the  friction  in  the  steam-pipes,  and  partly  owing  to  the  want 
of  time,  owing  to  the  steam-valve  not  opening  soon  enough,  as 
already  described.  And,  in  the  same  way,  the  back-pressure  line 
rises  every  stroke  during  acceleration,  because  the  steam  is  unable 
to  get  out  of  the  cylinder  sufficiently  quickly.  This  would  be, 
to  a  great  extent,  remedied  by  giving  the  steam  and  exhaust  valve 
a  little  "  lead."  It  will  be  observed  that  steam  is  cut  off  at  the 
beginning  of  the  seventeenth  revolution,  and  that  no  more  steam 
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is  given  to  accelerate  the  engine  after  the  conclusion  of  the  seven- 
teenth revolution.  The  engine  has  now  attained  its  maximum 
speed,  and  it  is  necessary  to  endeavour  to  stop  it.  This  is  done  by 
reversing  the  engine,  throwing  the  steam-pressure  from  the  boilers 
against  the  advancing  piston,  which  causes  the  back-pressure 
lines  to  rise  up,  crossing  the  steam-pressure  lines  as  shown  in  the 
strokes  marked  counter-pressure,  which  represent  the  pressure 
against  the  piston.  These  counter-pressure  strokes  do  not 
represent  any  corresponding  consumption  of  steam,  as  the  steam 
in  the  cylinder  is  simply  forced  back  again  into  the  steam-pipes. 
Two  counter-pressure  strokes  are  shown  separately  in  Fig.  520. 
The  working  of  the  valves  and  the  effect  of  speed  is  shown  in 
Figs.  517,  518,  519.  On  referring  to  the  scale,  it  will  be  seen 
that  the  pressure  in  the  cylinder  at  the  beginning  is  about  43  lbs., 
whereas  when  the  engine  has  attained  full  speed  it  is  only  about 
23  lbs.,  and  at  the  same  time  the  back  pressure  in  the  cylinder 
on  return  stroke  at  full  speed  does  not 
fall  below  7  lbs.,  whilst  the  average 
back  pressure  for  that  stroke  is  a  great 
deal  more. 

The  speed  of  the  engine  was  measured 
by  an  instrument  which  the  writer  con- 
structed, called  a  velocimeter  (see  Figs. 

522  and  300).  By  this  apparatus,  a  strip 
of  paper  is  drawn  under  a  pen  attached 
to  a  lever,  so  that  a  mark  is  made  every 
second  on  the  paper.  The  strip  is  drawn 
by  the  engine,  and  the  faster  it  goes  the 
greater  the  distance  the  marks  are  apart 
This  is  shown  on  Figs.  300,  521,  and 

523  on  a  reduced  scale.  On  referring 
to  Fig.  521,  where  the  strip  of  paper 
is  shown  coiled  up,  it  will  be  seen  that 

during  the  first  revolution  the  pen  has  made  six  marks,  showing 
that  6  seconds  were  occupied  in  that  revolution;  during  the 
second  revolution  the  pen  made  two  marks,  and  the  paper 
was  drawn  halfway  towards  the  third  mark,  showing  that  2^ 
seconds  were  occupied  during  that  revolution;  during  the  third 
revolution  the  pen  made  also  two  marks,  and  it  will  be  seen  that  about 
i|  second  were  occupied  in  that  revolution;  during  the  fourth 
revolution  the  pen  also  made  two  marks,  and  it  will  be  seen  that 
the  time  occupied  was  about  if  second;  during  the  fourteenth 
revolution  the  pen  only  made  one  mark,  and  the  time  occupied 
was  very  little  more  than  1  second;  during  the  twenty-fourth 
revolution,  when  the  engine  was  being  brought  to  a  stop,  the  pen 


Fig.  522. — The  velocimeter. 
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made  seven  marks,  showing  that  7  seconds  were  occupied  in  that 
revolution. 

By  means  of  the  indicator-diagrams  the  steam-power  employed 
was  calculated  and  was  drawn  on  the  explanatory  diagram  (Fig. 
523),  and  shown  by  the  line  on  which  the  following  words  are 
written :  "  Line  showing  indicated  steam-pounds  for  each  revo- 
lution of  the  engine."  The  horse-power  of  the  engine  is  also 
shown  on  another  line.  This  was  obtained  with  the  aid  of  the 
velocimeter  diagram,  showing  the  time  in  seconds  for  each  1  evo- 
lution. By  means  of  the  speed  of  the  piston  calculated  to  feet 
per  minute,  and  the  steam-pressure  and  cylinder  area  in  square 
inches,  the  horse-power  is  calculated  and  marked  in  the  figure ; 
the  dead  weight  to  be  lifted  is  ascertained,  and  the  work  done  in 
lifting  every  revolution  is  found  by  multiplying  the  dead  weight 
by  the  distance  travelled,  the  distance  being  in  this  case  (the  drum 
being  plain  for  round  rope)  the  same  every  revolution,  though  the 
weight  varies  every  revolution,  because  one  rope  is  being  wound 
up  as  the  other  comes  down.  The  work  done  in  lifting  the  dead 
weight  is  shown  by  the  line  with  the  following  words :  "  Line 
showing  power  in  foot-pounds  required  to  balance  the  weight 
of  coal  and  rope."  It  will  be  seen  that  this  power  is  about 
600,000  foot-pounds  the  first  revolution,  and  that  by  the  end  of 
the  journey  the  weight  of  the  descending  rope  actually  over- 
balances the  coal  to  be  lifted.  In  addition  to  the  weight  to  be 
lifted,  there  is  the  friction,  the  amount  of  which  is  shown  on  the 
diagram.  But  the  work  done  in  the  first  revolution  is  500,000 
foot-pounds  more  than  that  required  to  lift  the  load  and  overcome 
the  friction ;  this  extra  power  is  expended  in  giving  velocity.  The 
power  theoretically  required  for  acceleration  was  also  calculated 
from  the  weights  of  the  moving  parts  and  their  velocities  as 
measured.  It  will  be  seen  from  the  diagram  that  a  great  deal  of 
power  is  required  to  give  velocity,  that  the  engine  has  to  be 
reversed  to  stop  it  when  it  has  made  sixteen  revolutions,  and  that 
a  great  deal  of  back  pressure  is  required  to  bring  the  machinery 
to  a  stop.  It  will  also  be  seen  that  a  great  deal  of  power  was 
lost  in  driving  the  steam  out  of  the  cylinder.  This  might  be 
obviated,  partly  by  altering  the  adjustment  of  the  valves  and 
partly  by  adopting  some  system  of  expansion,  and  very  likely  this 
may  have  been  remedied  since  these  diagrams  were  made. 

Fig.  524  shows  a  similar  diagram  for  the  Monkwearmouth 
engine,  already  described  in  pp.  386  and  398,  and  Figs.  499  and 
511,  but  the  line  representing  the  power  required  to  lift  the 
weight  of  coal  and  ropes,  instead  of  being  a  straight  line,  is  very 
much  bent.  This  is  due  to  the  action  of  the  balance-chains 
which  facilitate  the  starting  and  stopping  of  the  engine.     (If  there 
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It  will  be  seen  that  at  the  start  the  power  required  to  lift  the 
load  is  equal  to  about  500.000  foot-pounds  per  revolution,  while 
at  the  end  it  is  about  260,000  foot-pounds  per  revolution.    FollOW- 
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ing  out  the  action  of  the  balance-weights,  it  will  be  seen  that  the 
load-line  quickly  falls  during  the  first  five  revolutions,  owing  to 
the  winding  up  of  the  rope  with  the  loaded  cage  and  the  descent 
of  the  rope  with  the  empty  cage.  By  the  end,  however,  of  the 
fifth  revolution,  the  balance-weights  have  begun  to  rest  at  the 
bottom  of  the  staple-pits,  and  by  the  beginning  of  the  eighth 
revolution  both  bunches  of  chain  cables  are  resting  on  the  ground  ; 
thus  their  weight  no  longer  assists  the  engine.  As  the  load-line 
has  risen  up  to  as  much  as  it  was  at  the  start,  again  it  quickly 
descends,  owing  to  the  winding  up  and  unwinding  of  the  ropes, 
till  at  the  beginning  of  the  twelfth  revolution  the  engine  begins  to 
pick  up  the  flat  chain,  which  causes  a  slight  increase  of  the  load. 
Again,  however,  the  load-line  falls  by  the  winding  and  unwinding 
of  the  ropes  until  the  end  of  the  sixteenth  revolution,  when  the 
bunches  of  cable  are  partly  lifted,  and  as  they  are  raised  from  the 
bottom  the  load  against  the  engine  increases  till  the  beginning 
of  the  nineteenth  revolution,  when  both  balance-weights  are 
suspended,  and  again  the  load-line  begins  to  fall.  It  must  be 
noticed  that,  in  a  great  measure  owing  to  the  balance-weight,  less 
counter-pressure  is  required  in  this  case  to  stop  the  engine  than 
was  necessary  with  the  Denaby  engine. 

Fig.  525  shows  a  similar  diagram  for  the  Douglas  Bank  Colliery. 
In  this  case  a  spiral  drum  is  used,  giving  a  more  even  load-line 
than  in  the  case  of  the  other  two.  This  engine  was  a  coupled 
horizontal  engine,  two  cylinders,  each  30  inches  diameter  and 
5-feet  stroke ;  maximum  pressure  in  cylinders,  49  lbs. ;  maximum 
velocity  of  piston,  462  feet  a  minute;  mean  velocity,  260  feet  a 
minute;  the  minimum  diameter  of  the  drum,  18  feet,  and  the 
maximum  diameter,  25  feet  4  inches;  weight  of  drum  about 
82,000  lbs. ;  total  weight  of  moving  parts,  including  engine, 
drum,  ropes,  pulleys,  chains,  and  coals,  133,900  lbs.;  steel-wire 
ropes,  11  lbs.  per  fathom;  cage,  2240  lbs.  of  steel,  containing 
4  tubs,  each  weighing  336  lbs.  and  holding  6  cwt.  of  coal.  Depth 
of  pit,  1530  feet;  time  of  winding,  52  seconds. 

It  will  be  observed  that  the  larger  diameter  is  only  about 
29  per  cent,  greater  than  the  smaller  diameter.  In  the  case, 
however,  of  the  engine  at  Harris's  Navigation  (Figs.  502  and  503), 
the  maximum  diameter  of  the  drum  is  32  feet,  and  the  minimum 
diameter  is  18  feet,  or  nearly  44  per  cent,  less  than  the  maximum 
diameter.  The  consequence  of  this  increased  difference  is  a 
more  effective  balancing,  the  power  required  to  lift  the  load  of 
coal  and  ropes  being  nearly  even  throughout  the  journey. 

This  is  proved  by  the  following  calculations,  which  show  the 
work  to  be  done  by  the  engine  in  lifting  the  dead  load  during  the 
first  revolution,  the  middle  revolution,  and  the  twenty-fourth 
revolution. 
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The  work  done  in  lifting  the  dead  load  is  calculated  in  foot- 
tons  as  follows : — 


First  Revolution. 


Average  circum- 
Tons.        ference  of  drum. 
Loaded  cage  and  rope  iG'O    X  i8'5  x  314  =    930  } 
Empty  cage  and  rope    475  X  32^0  X  3'I4  =    476  I 

45*  I 
Middle  Revolution. 

Average  circum- 
ors.        ference  of  drum. 

Loaded  cage  and  rope  1375  X  305  x  3^4  =  1317  1 
Empty  cage  and  rope     775  x  29-5  x  3U4  =    720  I 

597  ) 

Twenty-fourth  Revolution. 

Average  circum- 
Tons.        ference  of  drum. 
Loaded  cage  and  rope  1075  X  32     x  3*14  =  1079 
Empty  cage  and  rope   io-o    X  i8-5  X  3"I4  =    581 


Work  done  in  lifting  the 
dead  load  on  the  en- 
gine in  foot-tons  per 
revolution. 


454 


597 


498 


498 
The  above  weights  are  made  up  as  follows  :- 


First  Revolution. 


Middle  Revolution. 


Loaded  cage.    Empty  cage 


tons. 

CWt. 

tons. 

CWt. 

Cage  and  chains 

...      2 

10 

2 

10 

Tubs     

...      2 

0 

2 

0 

Coal      

...      6 

0 

O 

0 

Rope 

...    5 

10 

O 

5 

16 


Cage  and  chains 
Tubs 
Coal ... 
Rope 


Loaded  cage, 
tons.  cwt. 

Empty 
tons. 

cage, 
cwt 

2 

10 

2 

IO 

2 

0 

2 

O 

6 

0 

O 

O 

3 

5 

3 

5 

13 

'5 

7 

15 

TOLL' 
,oadei 
tons. 

tion. 

i  cage. 

CWt. 

Empty  cage, 
tons.  cwt. 

2 

IO 

2 

10 

2 

O 

2 

0 

6 

O 

O 

0 

O 

5 

5 

10 

10   15 


It  is  evident,  from  the  above  calculations,  any  alteration  in 
the  section  of  the  rope,  or  weight  of  cage,  tubs,  and  coal  lifted, 
will  materially  affect  the  dead  load  on  the  engine. 

Engine  Power. — From  these  diagrams  it  may  be  seen  that 
the  total  power  required  by  an  engine  is  from  two  and  a  half  to 
three  times  that  which  would  be  necessary  merely  to  balance  the 
dead  weight,  and  that  at  least  as  much  power  is  expended  at  the 
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start  in  giving  velocity  as  in  lifting  the  load.  This  is  not  only 
because  of  the  high  speed  attained,  which  in  some  cases  reaches 
a  mile  a  minute,  for  the  cages  in  the  shaft,  but  because  of  the 
short  time  allowed  for  attaining  such  a  high  speed.  Engines  are 
often  going  at  a  great  velocity  within  ten  seconds  of  starting,  and 
within  thirty  seconds  have  reached  nearly  their  full  speed,  though 
this  speed  continues  to  increase  until  the  steam  is  shut  off.  ' 

Lubrication. — It  is  important  that  all  the  parts  of  a  winding- 
engine  should  be  well  lubricated  to  reduce  the  friction.  Thirty 
years  ago  tallow  was  almost  universally  used  for  lubricating  the 
valves  and  piston.  It  has,  however,  been  found  that  tallow  has 
an  injurious  effect  when  used  inside  a  steam-cylinder,  corroding 
the  metal.  Mineral  oil  or  grease  is  now  generally  used,  some 
heavy  oils  being  specially  made  suitable  for  the  interior  of  valve- 
chests  and  cylinders.  Mineral  oil  is  also  chiefly  used  for  the 
slides  and  bearings.  Metallic  packing  has  also  come  into  use 
for  the  stuffing-boxes,  and  some  engineers  prefer  it  to  all  kinds  of 
soft  packing. 
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CHAPTER   XIX. 


PIT-FRAMES,    PULLEYS,    CAGES,    WATER-TANKS,    CONDUCTORS, 
HYDRAULIC    STAGES,    DOUBLE   STAGES,    ROPES,    ETC. 

The  pulleys  for  a  winding-rope  are  generally  of  large  diameter, 
sometimes  reaching  zo  feet  for  a  steel  rope  about  i£  or  if  inch  in 
diameter.  The  diameter  of  a  pulley  ought  to  be  in  some  way  pro- 
portional to  the  diameter  of  the  wires  of  which  the  rope  is  made, 
and  also  in  some  way  proportional  to  the  diameter  of  the  rope. 
A  rope  may  work  round  a  pulley  only  3  feet  in  diameter,  but  it 
will  endure  longer  the  greater  the  diameter  of  the  pulley.     For  a 

winding-rope  only  1  inch  in  dia- 
meter, a  pulley  10  feet  in  diameter 
may  give  satisfactory  results ;  but 
for  large  collieries,  with  steel  ropes 
i£  to  if  inch  in  diameter,  the 
pulley  is  generally  from  14  to  16 
feet.  It  is  generally  made  with  a 
cast-iron  grooved  rim  (see  Fig. 
526),  with  wrought-iron  arms  cast 
in,  and  also  cast  into  a  central 
cast-iron  boss.  The  boss  is  cast 
in  two  halves,  split  across  the 
diameter,  so  that  the  pulley-rim 
may  freely  contract  when  cooling.  The  two  halves  of  the  boss 
are  afterwards  united  by  wrought-iron  collars  shrunk  on,  and 
then  bored  and  key-gated.  Flat  rope  pulleys  are  constructed 
in  a  similar  manner,  merely  altering  the  shape  of  the  groove. 
Sometimes  the  rim  is  made  of  wrought-iron  or  steel  plates  riveted 
together,  with  wrought-iron  or  steel  arms  riveted  on  (see  Fig.  527, 
of  a  20-foot  pulley  for  Harris's  Navigation). 

The  details  of  this  pulley  are  given  in  Fig.  527.  The  shaft  is 
of  wrought  iron,  10  inches  in  diameter,  and  4  feet  10  inches  long 
over  all.  The  journals  are  about  8£  inches  in  diameter,  and  12 
inches  long.     The  boss  is  of  cast  iron,  about  3  feet  6  inches  in 


Fig.  526. ^Cast-iron  pulley. 
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diameter,  keyed  on  to  the  shaft,  which  is  turned  to  fit.  The  rim 
is  carried  by  forty-eight  round  steel  arms,  i&  inch  in  diameter. 
These  arms  are  flattened  at  the  end  nearest  the  rim,  to  which 
they  are  attached  by  small  steel  plates  riveted  on  to  the  arms  and 
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Fig.  527. — Steel  pulley  (Harris's  Navigation). 

also  on  to  the  rim,  as  shown  in  the  figure  at  a.  The  rim  is  made 
of  two  layers  of  curved  steel  plates,  breaking  joint  with  one 
another,  and  riveted  together.  The  ends  of  the  arms  at  the 
boss  are  screwed  and  fixed  by  nuts  on  both  sides  of  the  boss 
flange.  The  arms  can  thus  be  tightened  to  the  extent  requisite 
to  bring  the  rim  into  a  true  circle.  The  curve  of  the  rim  is  of  just 
sufficient  size  to  take  the  rope  at  the  bottom,  which  is  about 
iT9T  inch  in  diameter.  The  pedestals  have  under  brasses, 
but  no  top  brasses.  Beneath  the  under  brasses  are  three  blocks 
of  indiarubber,  each  two  inches  thick,  separated  by  steel  plates. 
These  are  intended  to  act  as  a  spring  to  diminish  the  strains  on 
the  rope. 

Some  pulleys  20  feet  in  diameter  have  been  made  with  cas-t- 
iron  rims,  turned  in  the  lathe  to  secure  perfect  smoothness  and 
truth  in  running. 

A  rule  sometimes  given  for  the  diameter  of  pulleys  is  eight 
hundred  times  the  diameter  of  the  wires  of  which  the  rope  is 
made.  This  rule  may  suffice  for  haulage  and  transmission  of 
power,  but  gives  an  insufficient  diameter  for  winding-rope  pulleys. 
For  haulage  ropes  of  steel  1  inch  diameter,  pulleys  5  to  7  feet 
are  commonly  used  with  good  results. 

Pit-frames. — The  pulleys  are  carried  on  a  frame  of  timber 
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or  iron,  so  that  the  centre  of  the  pulley  is  from  20  to  80  feet 
above  the  level  of  the  bank.  The  height  of  the  pulley  above  the 
bank  depends,  first,  on  the  height  of  the  cage  (thus  a  four-decked 
cage  may  be  20  feet  in  height) ;  next,  on  the  length  of  the  chains 
by  which  the  cage  is  suspended  from  the  rope ;  third,  on  the 
safety-hook  and  catch-plate,  requiring,  with  the  cage-chains,  another 
height  of  12  or  14  feet.  There  should  also  be  room  to  raise  the 
cage  above  the  bank  whilst  the  other  cage  is  being  lowered  into 
the  sump,  say  6  feet ;  adding  half  the  diameter  of  the  (say  16-feet) 
pulley,  8  feet,  gives  a  total  minimum  height  from  bank  to  centre 
of  pulley,  48  feet.  The  height  of  pit-frames  at  large  collieries  is 
often  from  60  to  80  feet  above  the  bank.  Wrought-iron  pulley- 
frames  are  sometimes  in  the  shape  of  a  plate  girder  (see  Fig. 


Fig.  528. — Pit-frame,  plate  girder  (Hasard). 

528),  and  sometimes  of  a  lattice  girder  (see  Fig.  529),  sometimes 
a  box-girder  and  lattice-girder  frame  combined  (see  Fig.  530),  and 
sometimes  the  upright  and  backstays  are  cylindrical  plate-iron 
riveted  columns,  similar  to  ships'  masts.  Examples  of  wooden 
pit-frames  are  shown  in  Figs.  531,  531a. 

Rope-socket. — The  attachment  of  the  winding-rope  to  the 
cage  may  be  done  in  several  ways.    The  end  of  the  rope  is  some- 
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times,  in  the  case  of  flat  ropes,  turned  round  a  grooved  link  and 

clamped,  as  shown  in  Fig.  532.     More  often  the  end  of  the  rope 

is  put  into  a  socket  made  of 

wrought  iron  (see  Fig.  533), 

which  is  larger  at  the  bottom 

than  the  top.     The  socket  is 

generally   split,   and    has    a 

loop  at  the  bottom  through 

which    a    shackle    can    be 

placed  connecting  it  to  the 

cage-chains  ;  about  4  feet  of 

the   rope-end    is   untwisted, 

and  the  part  above  is  bound 

tightly    round   with    copper 

wire.      The     ends    of    the 

wires  are  now  turned  back, 

some  of  the   wires  for  the 

whole  4  feet,  others  are  cut 

off   rather  shorter,    and    in 

this  way  a  lump  is  formed 

at  the  end  of  the  rope  where 

the   wires   are   bent   round. 

The  wires  so  bent  back  are 

then    closely   bound    Tound 

with  wire ;  this  is  placed  in 

the      socket;       over      this 

wrought-iron  rings  are  tightly 

hammered  down,  closing  the     Fig.  529.— Pit-frame,  lattice  girder  (Mansfeld). 

two  sides  of  the  socket,  so 

that  the  rope   cannot   be  drawn  through.     Sometimes   the  two 

sides  of  the  socket  are  closed  by  rivets ;  a  pricker  is  put  through 


Fig.  530. — Pit-frame,  lattice  girder  (Harris's  Navigation). 
E,  box  girder  ;  L,  lattice  girder  ;  C,  screens. 

the  rope  to  open  a  way  for  the  rivet.     A  solid  socket  is  some- 
times used,  in  which  the  rope  jams  itself.     A  rope  is  more  likely 
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Fig.  531. — Wood  pit-frame. 


Fig.  531a.— Double  pit-frame. 
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to  draw  through  the  socket  than  to  break,  and,  unless  the  socket 
is  well  fastened  on,  the  rope  is  very  likely  to  draw  out.  When 
the  wires  of  the  rope-end  are  bent  back,  the  part  of  the  rope 
above  is  often  not  bound  with  wire,  but  the  ends  of  the  wires 


a      □  , 


Fig.  532. — Rope-clamp  for 
flat  rope. 


Fig.  533.  —  Round  rope- 
socket  and  capping.  1, 
rope  ;  2,  collars  ;  3,  cone 
round  which  wires  are 
turned  back ;  4,  wires 
turned  back  over  cone  ; 
5,  for  cage  attachment. 


are  threaded  into  the  rope,  so  that  they  are  fast.  Another 
method  is  to  slip  an  iron  cone  over  the  rope-end ;  the  wires  are 
bent  back  over  this  cone,  and  then  bound  with  wire ;  this  is  then 
placed  in  a  conical  socket,  as  in  the  case  above  described.  Some- 
times the  ends  of  the  wires  are  bent  back  forming  a  cone,  which  is 
drawn  into  a  conical  iron  socket ;  melted  white  metal  is  then  poured 
into  the  socket,  which  firmly  fixes  the  wires.  This  plan  is  adopted  by 
Professor  Goodman  when  testing  ropes  at  the  Yorkshire  College. 
Quality  of  Ropes. — Fifty  years  ago  hemp  ropes  were  gene- 
rally used;  they  were  superseded  by  iron-wire  ropes.  About 
twenty-five  years  ago  steel  ropes  were  introduced  ;  these  are  used 
almost  universally  (in  England),  to  the  exclusion  of  any  other 
kind,  and  the  strongest  kind  of  steel,  called  in  the  trade  "  plough 
steel,"  is  now  frequently  employed.  The  advantage  of  the  best 
steel  is  that  a  light  rope  suffices,  thus  reducing  the  strain  upon 
the  engine  and  upon  the  break ;  and  steel  endures  much  longer 
than  iron,  thus  there  is  great  economy.  The  strength  of  steel 
ropes  is  given  in  the  lists  of  various  makers,  from  which  the 
following  table  is  extracted  : — 

3  £ 
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The  following  rules  give  roughly  approximate  results,  and  will 
be  easily  remembered.  (1)  To  find  the  weight  of  a  round  wire 
rope  made  in  the  ordinary  way  with  twisted  strands  :  The  circum- 
ference in  inches  squared  =  weight  per  fathom  in  pounds.  (2) 
To  find  the  breaking  strain  :  The  weight  per  fathom  in  pounds 
multiplied  by  2  =  breaking  strain  in  tons  for  Bessemer  steel. 
Multiply  by  3  for  "  patent  crucible  steel,"  and  by  4  for  "  im- 
proved plough  steel." 

Example. — Let  the  wire  rope  be  4  inches  circumference  : 
42  =  16;  therefore  the  weight  of  the  rope  is  about  16  lbs.  per 
fathom.     In  the  table  it  is  given  as  15*87  lbs.  per  fathom. 

The  breaking  strain  for  Bessemer  steel  =16x2 

=  32  tons. 

,,  „  „       "patent  crucible  steel"      =  16  x  3 

=  48  tons. 

„  ,,  „       "improved  plough  steel"  =  16x4 

=  64  tons. 

On  referring  to  the  table,  it  will  be  seen  that  the  breaking  strains 
are  2 7  "25  tons,  49*50  tons,  and  66  tons  respectively. 

In  winding-ropes  there  should  be  a  large  factor  of  safety,  in 
order  to  avoid  the  danger  of  breakage  ;  that  is  to  say,  the  rorJe 
should  be  very  much  stronger  than  the  supposed  breaking  strain. 
Thus  if  the  load  upon  the  top  end  of  the  rope,  when  the  cage  is 
fully  loaded  and  the  rope  is'  all  down  the  shaft  to  the  bottom,  is 
10  tons,  the  rope  should  be  capable  of 
bearing  a  strain  of  100  tons  before  it  will 
break,  the  factor  of  safety  being  10. 

Steel  ropes,  as  now  used,  are  gene- 
rally made  with  a  hemp   core  (see  Fig.  __ 
k-ia),  and  sometimes  with  a  wire  strand        „            ....        "* 

J-"/'  .  Fie.  534.— Wire  rope. 

for  the  core.  If  an  ordinary  round  rope 
is  suspended  over  a  pulley,  and  a  weight  hung  at  the  end,  the 
effect  of  the  weight  is  to  cause  the  rope  to  untwist.  When  this 
•weight  is  a  cage  fastened  to  conductors,  the  rope  is  prevented 
from  untwisting  to  any  great  extent,  although  as  soon  as  the  rope 
gets  slack,  as  when  the  cage  rests  on  the  props,  it  curls,  twisting 
the  chains,  which  uncurl  when  the  weight  comes  on.  Ropes 
have  been  made  that  will  not  untwist  with  a  loose  weight,  such 
as  a  sinking-hoppet  ;  this  is  achieved  by  twisting  the  strands  in 
a  different  way. 

There  is  a  new  kind  of  rope,  called  the  "  locked  coil  rope," 
patented  by  Messrs.  Latch  and  Batchelor  (see  Fig.  535).  This 
does  not  untwist  when  loaded,  and  can  therefore  be  used  for 
sinking  pits. 
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The  following  is  a  description  of  a  rope  made  in  1880  for 
Harris's  Navigation,  described  by  Messrs.  T.  Forster  Brown  and 
G.  F.  Adams.  The  diameter  was  about  1*9  inch.  It  was  made 
of  the  best  selected  steel ;  the  gauge  of  the 
wire  No.  n,  19  wires  to  each  strand;  six 
strands  formed  the  rope,  or  114  wires  in  all. 
Each  strand  was  made  by  plaiting  six  wires 
round  one  wire,  and  then  other  twelve  wires 
were  plaited  round  the  first  group  in  the 
reverse  way.  The  six  strands  were  plaited 
round  a  hempen  core.  The  weight  of  the 
rope  below  the  pulley-sheave  (7  00  yards)  was  about  5  tons.  The 
calculated  breaking  strain  was  about  104  tons.  The  load  it  had 
to  lift  was  as  follows :  Two  trams  of  coal,  3  tons ;  two  trams, 
1  ton;  cage  and  bridle,  2  tons  5  cwt. ;  rope,  5  tons  ;  total,  ni 
tons.     It  was  intended  at  a  future  date  to  increase  the  weight  of 


Fig.  535. — Rope  :  Latch  and 
Bachelor's  locked  coil. 


Fig.  536,  —Cage  and  conductors. 

coal,  trams,  cage,  and  bridle  to  io£  tons,  and  it  was  then 
intended  to  use  a  rope  of  the  same  size  as  that  above  described, 
but  to  be  made  of  the  best  plough  steeL  It  was  also  intended 
to  adopt  a  finer  gauge  of  wire  when  the  grooves  of  the  drum  were 
worn  smooth. 

Cages. — Cages  have  one,  two,  three,  and  four  decks  (and 
even  perhaps  more).  Some  examples  of  iron  cages  are  shown  in 
Figs.  536,  536a.     Fig.  536  shows  a  single-decked  iron  cage,  in- 
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tended  to  hold  two  corves,  each  corf  holding  about  10  cwt.  of 
coal.  The  cage  is  guided  by  four  iron-wire  conductors,  and 
four  cast-iron  collars  are  bolted  on  to  the  top  and  bottom  frames 
of  the  cage,  making  eight  collars  in  all,  the  details  of  which  are 
shown  in  the  figure.  Fig.  536a  shows  a  double-decked  iron  cage, 
each  deck  to  hold  two  corves,  holding  10  cwt.  of  coal  each,  or 
three  corves  holding  7    or  8  cwt.  each.     The  weight  is  about  2 


Weight  of  Cage  2  Tons. 


174- 


Plan. 

Scale  of  Feet 
7     i      i     *     i     T     i     i     I  ■  I     I 


Fig.  536a. — Double-decked  cage  with  three  trams  on  a  deck. 

tons.  It  is  guided  in  the  same  way  as  in  Fig.  536,  there  being 
eight  cast-iron  collars  on  the  cage.  The  iron  hood  at  the  top  of 
the  cages  is  to  shelter  the  men  from  falling  fragments. 

Cages  are  now  generally  made  of  steel.  One  is  shown  in 
Fig.  537.  This  is  reduced  from  one  in  the  "  Proceedings  of  the 
Institution  of  Civil  Engineers,"  drawn  by  Messrs.  T.  Forster  Brown 
and  G.  F.  Adams.  It  is  12  feet  long,  and  4  feet  2  inches  wide ; 
will  carry  two  trams  on  one  deck,  the  height  over  all  being  7  feet. 
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The  hood  or  covering  of  the  cage  is  a  flat  steel  plate.  The  weight, 
without  bridle  chains,  is  33  cwt.  There  are  six  chains  (called 
bridle  chains)  to  attach  the  cage  to  the  shackle.  The  trams  raised 
in  this  cage  are  of  iron,  with  channel-steel  sills  and  cross-stays. 
They  are  5  feet  io£  inches  long  over  buffers,  3  feet  4  inches  wide, 
and  3  feet  5  inches  above  the  rails.  The  wheels  and  axles  are  of 
steel,  15  inches  and  if  inch  in  diameter  respectively,  the  gauge 

of  the  rails  being  2  feet  6  inches. 
Each  tram  holds  30  cwt.  These 
were  the  first  cages  adopted  at 
Harris's  Navigation,  it  being  in- 
tended to  substitute  double- 
decked  cages  at  a  later  date. 

Conductors.  —  The  guides 
or  conductors  of  a  cage  exhibit  a 


Fig  5365. — Cages  and  wooden  guides. 
a,  guides ;  b,  shoes  ;  c,  cross-bearers. 


Frc.  537. — Cage,  waggons,  and  rail  - 
guides  (Harris's  Navigation). 


great  variety  of  practice.  In  some  cases  round  iron  rods  screwed 
together,  so  as  to  make  one  long  rod,  are  stretched  from  top  to 
bottom  of  the  pit,  and  are  clasped  by  collars  on  the  cage.  This 
is  an  old-fashioned  practice,  and  very  seldom  adopted  nowadays  ; 
the  other  kinds  of  guides  being  wooden  guides,  iron  or  steel  wire 
guides,  and  iron  or  steel  rail  guides. 

Where  wooden  guides  are  used,  one  is  generally  placed  opposite 
each  end  of  the  cage.  A  shoe  is  fitted  on  the  top  and  bottom 
of  the  cage,  and  on  each  deck,  by  which  the  guide  is  clasped  on 
three  sides  (see  Fig.  536^) ;  the  guides  are  fastened  by  through 
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bolts  to  cross-bearers.  These  guides  prevent  the  waggons  from 
running  in  and  out  of  the  cage,  therefore  at  the  top  and  bottom 
they  are  cut  away,  leaving  a  sharpened  end  to  enter  the  shoes  on 
the  cage.  The  cage  is  guided  at  the  top  and  bottom  by  four 
wooden  guides,  one  at  each  corner.  The  guides  vary  from  about 
4  inches  square  to  about  6  inches  X  4  inches.  They  must  be 
carefully  examined  every  day  from  top  to  bottom.  Instead  of 
wooden  guides  steel  guides  are  sometimes  used,  shaped  like  flat- 
bottomed,  single-headed  rails  (see  Fig.  537).  Two  such  rails  are 
fixed  vertically  down  one  side  of  the  shaft,  and  fastened  to  cross- 
bearers.  On  one  side  of  the  cage  two  shoes  on  each  deck  clip 
the  rail-head,  and  the  cage  is  thus  guided  up  and  down  the  shaft. 
The  other  cage  is  similarly  guided  by  rails  on  the  other  side  of 
the  shaft. 

At  the  Harris's  Navigation  the  guide  rails  are  of  steel,  weigh- 
ing 60  lbs.  to  the  yard,  each  length  27  feet  long,  bolted  to  wooden 
byats  fixed  in  the  shaft  wall  9  feet  apart  from  centre  to  centre. 
These  byats  are  of  pitch  pine,  9  inches  X  6  inches,  13  feet  long,  on 
one  side  of  the  pit ;  and  on  the  other  side,  17  feet  long,  9  inches  x 
8  inches.  At  the  junctions  of  the  rails  the  byats  are  12  inches  X 
6  inches,  and  12  inches  X  8  inches.  Each  rail-end  is  bored  out 
to  receive  a  -j-inch  dowel.  There  is  also  a  wrought-iron  joint- 
chair  or  shoe,  clasping  the  bottom  rail,  and  bolted  to  the  byats. 
Unless  there  is  some  breakage,  it  is  impossible  for  the  cage  to  get 
out  of  its  proper  track. 

Another  arrangement  is  to  have  wire  ropes,  or  rather  rods 
of  thick  twisted  steel  wire,  say  7  wires,  each  £  inch  in  diameter, 
twisted  into  a  strand  1  §  inch  in  diameter,  stretched  from  the  top 
of  the  pit-frame  to  the  bottom.  They  are  tightened  by  weights 
(see  Fig.  538)  on  the  bottom  of  the  rod,  say  30  cwt.  or  2  tons 
on  each  guide ;  4  guides  for  each  cage.  At  the  pit-top  the  guides 
go  through  cross-bearers,  above  which  five  or  six  clamps  are 
secured  to  each  guide  to  prevent  them  drawing  down.  A  cast- 
iron  collar  (see  Fig.  536)  bolted  to  the  cage  encircles  each  guide; 
these  guides  are,  of  course,  capable  of  swinging,  but  with  a  clearance 
of  8  inches  or  more  between  the  cages  are  found  satisfactory.  Where 
guides  work  near  together — that  is,  within  12  inches — a  couple  of 
flat-wire  ropes  are  sometimes  stretched  from  top  to  bottom  of  the 
shaft  between  the  guides,  so  as  to  prevent  the  cages  from  actually 
coming  in  contact.  Sometimes  only  two  guides  are  collared  to 
the  cage,  and  the  other  guides  in  the  centre  of  the  pit-stand  to 
keep  the  cages  apart.  These  wire  guides  are  used  at  depths  up 
to  900  yards ;  they  are  very  economical,  and,  requiring  no  cross- 
bearers,  do  not  impede  the  ventilation,  and  cost  but  little  for 
inspection  and  repairs.     The  steel-rail  guides  are  much  in  favour, 
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but  there  is  a  tendency  to  cut  the  head  of  the  rail  off  by  wear.  For 
steady  winding  it  is  essential  not  only  to  have  good  guides  and 
collars,  but  to  have  a  cage  well  balanced,  and  to  have  the  centre 
of   the  pulley-wheel  exactly  over  the  centre  of  the  cage  when 

fixed'  between  the  guides,  and 
the  centre  of  the  cage  must  cor- 
respond with  its  centre  of  gravity. 
Lowering  -  platform.  —  In 
winding-cages  with  two  decks,  the 
descending  cage  is  sometimes 
lowered  on  to  a  suspending-plat- 
form  at  the  bottom  of  the  pit, 
and  when  the  loaded  tubs  have 
been  run  on  to  the  bottom  deck, 
the  suspending-platforrri,  which 
has  been  kept  in  position  by 
balance-weights  and  a  brake-wheel 


Plan. 


enlarged   Vjew  op  3. 


Fig.  538. — Method  of  fastening  conductors. 
1,  weight ;  2,  clamps  ;  3,  collars  ;  4,  con- 
ductors. 


Fig.  539. — Platform  and  balance-weights  at 
pit-bottom.  6,  brake-wheel  and  lever; 
c,  balance-weight. 


(see  Fig.  539),  is  allowed  to  descend  by  releasing  the  brake,  and 
the  top  deck  is  then  loaded.  The  balance-weights  on  the  moving 
platform  also  serve  the  purpose  of  helping  to  start  the  loaded 
cage.  The  cage  on  the  bank  is  stopped  with  the  upper  deck 
resting  on  the  props  at  the  same  time  that  the  lower  deck  of  the 
bottom  cage  is  being  loaded,  and  then,  when  the  full  waggons  have 
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been  run  off  and  the  empty  waggons  run  on,  the  lower  deck  is 
raised  on  to  the  cage-props. 

Fowler's  Hydraulic  Landings.— In  some  cases  movable 
landings  are  used,  worked  by  hydraulic  power.  An  apparatus  of 
this  description  (see 
Fig.  540)  was  made 
and  patented  by  Mr. 
George  Fowler,  and 
is  now  used  at  the 
Denaby  Main  Col- 
liery in  Yorkshire, 
Cinderhill  Colliery, 
Nottingham,  and  else- 
where; by  means  of 
this  three  decks  can 
be  loaded  at  the 
same  time  by  means 
of  hydraulic  pushing- 
rams,  C  C.  While 
the  cage  is  running, 
the  movable  landings 
AAA  are  lowered 
down  by  the  hy- 
draulic lifting-rams 
H  H  and  balance- 
weights  G,  to  the 
main  landing,  L  L, 
and  then  returned 
to  their  original  posi- 
tion as  shown  in  the 
figure,  ready/  for  the  cage  again.  The  movable  landings  are,  of 
course,  at  both  ends  of  the  cage.  There  is  an  apparatus,  as 
shown  in  the  figure,  for  each  cage  at  the  pit-top  and  pit- 
bottom.  By  this  contrivance  three  decks  can  be  loaded  as 
quickly  as  one. 

Double  Landings. — The  pit-bank  and  pit-bottom  are  often 
made  with'  two  landings,  so  that  two  decks  of  the  cage  can  be 
unloaded  at  once  both  top  and  bottom.  This  arrangement  is 
very  suitable  for  a  four-decked  cage.  If  a  two-decked  cage  is 
used,  each  deck  must  be  high  enough  to  allow  head-room  between 
the  landings.  Such  an  arrangement  of  landings  for  a  four-decked 
cage  is  shown  in  Fig.  541. 

Cage-props.— -The  cage  at  the  pit-top,  and  at  the  pit-bottom 
if  there  is  more  than  one  deck,  is  supported  when  standing,  on 
catches,    sometimes   called    props    and    sometimes    fallers ;    an 


Fig.  540  — Hydraulic  decks  (G.  Fowler). 
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arrangement ,  of  this  is  shown  in  Fig.  542.  There  are  four 
catches,  b  b,  for  each  cage,  all  moved  by  either  of  the  levers  a  a, 
one  on  each  side  of  the  pit  for  each  cage,  so  that  there  are  four 
lever-handles  at  the  pit.     These  catches  are  so  arranged  that 

they  fall  forward  by  their  own  weight 
ready  to  hold  the  cage,  but  if  the 
cage  should  come  up  it  would  readily 
push  them  aside  if  the  banksman 
omitted  to  withdraw  them,  though  the 
cage  could  not  descend  unless  they 
were  withdrawn.  As  a  rule  the  catches 
are  underneath  the  bottom  of  the 
cage,  and  are  made  to  catch  against 
the  end  of  it ;  but  sometimes  catches 
1  are  placed  on  the  bank,  to  catch  on 

the  sides  of  the  cage  under  the  top 
hoop.'  In  some  cases  catches  are  not 
used,  the  engine-man  adjusting  the 
cage  to  the  bank-level  without  their 
aid. 

Unloading  Cages. — In  order  to 
facilitate  the  unloading  of  cages  on 
the  pit-bank  and  at  the  pit-bottom,  one 
side  of  the  landing  is  made  a  little 
higher  than  the  other,  and  the  rails  of  the  cage  are  given  a  little 
slope,  say  $  inch  in  the  length  of  the  cage.  This  facilitates  the 
moving  of  the  waggons,  but  this  £-inch  slope  is  not  so  effective 
as  3  or  4  inches  of  slope.  But  it  would  not  do  to  have  the 
waggons  standing  at  such  an  incline  on  the  cage  in  the  shaft, 
therefore  the  rails  are  sometimes  made  to  lift  up  at  one  end, 
and  a  short  iron  prop  is  fastened  on  to  the  underside  of  the 
rail,  which  is  forced  up  when  the  cage  is  lowered  on  to  the  props, 
so  putting  the  rails  on  to  an  incline  and  causing  the  waggons  to 
run  off. 

Another  contrivance  has  been  made  by  Mr.  Fisher,  of  Clifton 
Colliery,  where  the  empty  waggon  on  the  pit-bank  is  lifted  up  by 
a  small  engine,  and  so  caused  to  run  on  to  the  cage. 

Roofing  of  Bank. — In  England  the  machinery  on  the  bank 
is,  as  a  rule,  only  partially  covered,  though  there  is  a  tendency 
at  the  present  date  to  protect  all  the  workmen  from  the  rain  and 
snow.  On  the  continent  it  is  customary  to  cover  over  the  pit- 
top  and  pulley-frame  with  a  substantial  building,  inside  which 
are  the  pulley-wheels. 

Water-winding. — It  is  often  necessary  to  use  winding- 
engines   for  raising  water.      In   order  that  they   may   do  this 


Fig.  541. — Double  landings. 
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effectually,  there  must  be  a  properly  constructed  barrel  or  tank 
of  plate  iron ;  such  a  tank  is  shown  in  Fig.  543.  It  is  capable  of 
holding,  when  filled  within  6  inches  of  the  top,  over  300  gallons. 


Plan 


Fig.  542. — Cage-catches. 

In  a  large  .shaft  the  water-tank  may  be  made  much  bigger.  It  is 
no  use  having  a  large  tank  unless  there  are  large  valves  by  which 
it  can  be  quickly  filled  and  emptied.  In  the  figure  are  shown 
two  valves,  which  open  as  the  tank  goes  into  the  water.  Upon 
reaching  the  top,  one  of  the  valves  is  opened  by  a  lever,  B,  which 
strikes  against  a  bar,  A,  fixed  to  the  pit-frame.  Owing  to  the 
great  size  of  the  valve,  the  water  rushes  out  with  great  speed,  and 
the  tank  is  nearly  emptied  in  a  few  seconds.  In  a  shaft  not 
exceeding  500  yards  deep,  this  tank  can  be  dipped,  raised,  and 
emptied  in  about  80  seconds.  Thus  if  there  are  two  such  tanks, 
they  will  lift  together  between  400  and  500  gallons  a  minute. 
With  larger  tanks  and  with  a  sufficiently  powerful  winding-engine, 
1000  gallons  a  minute  can  be  wound.  A  rather  ingenious  device 
has  been  employed  by  Mr.  Galloway,  in  his  sinking  at  Llan- 
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bradach,  to  fill  a  water-barrel  or  tank  without  dipping  it  overhead. 
The  tank  is  round  and  covered  at  the  top,  made  of  iron  plate. 
At  the  bottom  is  a  valve  by  which  the  water  can  enter,  and  by 
lifting  which  the  tank  can  be  emptied.     When  the  tank  has  been 
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Fig.  543.— Water-winding  tank. 


lowered  by  the  winding-engine  to  the  bottom  of  the  shaft,  it  is 
connected  by  a  tube  and  coupling-joints  with  an  exhausted 
vacuum  vessel  in  a  chamber  above  the  water ;  by  this  means  the 
water  is  sucked  up  into  the  tank.  A  small  air-pump  on  the 
surface  keeps  the  vacuum  vessel  exhausted  of  air.  The  vessel  is 
an  old  boiler. 
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"safety-hooks"  and  "safety-cages.1' 

In  order  to  avoid  the  danger  of  winding  a  cage  too  high,  various 
safety-hooks  have  been  invented  by  which  the  cage  is  disengaged 
from  the  rope  and  suspended  at  the  same  time. 

Ormerod's    Safety-hook.  —  Figs.    544    and    544a    show 


Fig.  544. — Ormerod's  safety-hook. 


Ormerod's  safety-hook.  In  this  case 
the  winding-rope  is  attached  to  the 
link  X,  and  the  cage  to  the  chains  Y ; 
the  iron  collar  F  is  fixed  in  a  very 
strong  timber  bar  just  below  the 
pulley-wheel ;  the  winding-rope  passes 
through  the  centre  of  this  collar.  The 
hook  is  shown  in  working  order  in  (1). 
The  upper  part  will  pass  through  the 
collar  F;  but  not  the  lower  part, 
which  consists  of  three  plates  held 
together    by    a    centre    pin    E,   and 


Fig.  544a.— Ormerod's  safety-hook. 
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maintained  in  the  position  shown  in  (i)  by  a  copper  rivet  £  inch 
thick,  P.  When  an  overwind  takes  place,  the  lower  shoulders  of 
the  plates  H  H  are  pressed  together,  shearing  the  copper  pin  P. 
This  causes  the  shoulders  K  K  to  project,  so  that  they  cannot  fall 
back  through  the  collar ;  at  the  same  time  the  pin  of  the  rope 
shackle  A  is  brought  opposite  the  slot  in  the  outer  plates,  and  so 
escapes,  whilst  the  pin  B  of  the  lower  shackle  is  brought  opposite 
a  slot  in  the  outer  plates,  into  which  it  falls,  but  cannot  escape. 
In  this  way  the  plates  are  prevented  from  resuming  their  original 
position.  For  lowering  down  again,  the  rope  shackle  is  attached  to 
the  shoulder  R  on  the  inner  plate,  by  which  it  is  lifted,  the  centre 
plate  having  a  slot  by  which  it  can  move  over  the  centre  pin  E 
after  removing  the  pin  C.  The  hook  can  then  be  lowered  down 
through  the  collar  until  the  cage  rests  on  the  bank,  when  it  can 
be  readjusted. 

King's  Hook. — King's  hook  is  shown  in  Fig.  545.     This 
consists  of  four  plates.     The  hook  is  shown  in  working  order  in 


Fig.  545. — King's  patent  detaching  hook. 

3  and  4.  When  an  overwind  takes  place,  the  shoulders  C  C  are 
forced  in,  and  the  opposite  shoulders  D  D  are  forced  out ;  at  the 
same  time  the  hooks  on  the  two  internal  plates  E  E  are  forced 
back  from  over  the  pin  of  the  rope  shackle  A,  which  is  free  to 
escape,  but  the  shoulders  D  D,  catching  on  the  top  of  the  plate  F, 
prevent  the  hook  from  returning.  The  weight  of  the  cage,  being 
suspended  from  the  pin  L,  keeps  the  shoulders  forced  out,  and  so 
prevents  the  cage  going  down. 

Either  one  or  the  other  of  these  inventions  is  in  use  at  nearly 
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all  the  important  collieries  in  the  United  Kingdom,  and  they 
have  never  failed  except  when  they  have  broken.     Owing  to  the 


Fig.  546.— West's  hook.  , 

great  violence  with  which  the  overwind  takes  place,  there  is  some 

liability  to  breakage  even  with  the  best  material. 

West's  Hook.— Fig.   546  is  West's.      It  differs  from  the 

two  preceding  hooks  in  this  respect :    that, 

instead    of  the   plates    revolving  round    a 

centre  pin,  they  slide.    There  is  an  outer 

casing  of  steel,  A,  in  which  are  two  slides, 

B  B ;  the  hook  is  shown  in  working  order 

in  (1).     A  strong  iron  plate,  C,  is  fixed  in 

the    pit-frame,    as   in   King's,    with  a  hole 

just   large    enough  for  the   upper    part  of 

the  hook  to  pass  through.     When  there  is 

an  overwind,  the  shoulders  of  the   sliding 

plates  F  F  are  squeezed  in,  and  the  upper 

shoulders  E  E  forced  out,  so  that  the  hook 
cannot  go  back ;  at  the  same  time  the  hooks 

H  H,  that  hold  the  pin  of  the  rope  shackle 
D,  are  forced  back,  allowing  the  rope 
shackle  to  escape,  as  shown  in  (2).  This 
is  considered  a  very  good  hook,  and  is  used 
at  many  places. 

Walker's  Hook. — Another  hook,  Walk- 
er's (see  Fig.  547),  has  an  entirely  different 
action.  As  in  the  previous  cases,  there  is 
a  collar,  A,  fixed  to  strong  timbers  in  the 
pit-frame ;  the  upper  part  of  the  hook  only 
can  pass  through  this  collar.  The  rope 
shackle-pin   B   is   clipped  by  the  two  jaws    f.g.  547.- WajWs  safety. 


432 


MINING. 


C  C,  which  are  kept  tight  by  the  clamp  D.  When  an  overwind 
takes  place,  this  clamp  will  not  go  through  the  collar,  but  is  forced 
down,  shearing  the  two  copper  pins  E  E,  and  forcing  in  the  two 
lower  arms  of  the  hook  F  F,  causing  the  upper  jaws  C  C  to  open, 
so  that  the  shoulders  at  the  back  catch  on  the  top  of  the  collar,  as 
shown  in  (2).  This  hook  is  the  lightest  in  construction  of  any  that 
have  been  made,  and  is  in  use.  It  has  not,  however,  met  with  the 
same  general  approval  as  King's  and  Omerod's,  several  accidents 
which  have  occurred  having  been  attributed  to  some  defect  in  the 
principle  of  its  construction.  It  is,  however,  adopted  by  many 
engineers  of  great  experience  in  preference  to  any  other  hook. 
Safety-cages. — These  are  intended  to  obviate  the  danger 
arising  from  a  broken  rope.  They  are 
only  partially  adopted  in  Great  Britain, 
though  they  are  generally  adopted  on 
the  continent,  where,  however,  safety- 
hooks  are  not  in  such  general  use  as 
in  England. 

Figure  548  shows  a  safety-cage 
(Owen's).  The  construction  will  be 
readily     understood.       The     toothed 
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Fig.  548. 


Enlarged  View  of  Levers  Sprincs  &c. 
-Owen's  patent  safety-cage. 


clutches  a  a  are  pressed  towards  the  conductors  by  the  springs 
b  b ;  the  levers  c  c,  attached  to  the  toothed  clutches,  are  con- 
nected to  the  winding-rope  by  the  rods  d  d,  so  that  when  the 
cage  is  suspended,  the  levers  compress  the  springs,  and  force 
the  clutches  back  from  the  conductor.  In  the  case  of  the  rope 
breaking,  the  cage  is,  of  course,  no  longer  suspended,  and  the 
clutches  are  forced  against  the  conductors  by  the  springs ; 
the  falling  cage  tends  to  force  the  clutches  still  more  tightly 
against  the  conductors,  and  so  it  is  stopped.  There  are  many 
varieties  of  safety-cage  constructed  on  the  same  principle ;  one 
of  these  is  shown  in  Fig.  549.  In  this  case  the  clutches  a  a 
are  held  in  position  by  the  inclined  iron  channels  b  b,  in  which 
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they  slide.  They  are  forced  against  the  wooden  guide-rod  c  c  by 
means  of  the  volute  springs  d  d.  When  the  cage  is  suspended, 
the  rope  and  chains  pull  up  the  rods  e  e.  On  each  of  these  is  a 
shoulder  which  compresses  the  springs  against  the  top  of  the  cage. 
Upon  the  rope  breaking,  there  is  no  longer  any  strain  to  compress 
the  springs,  which  thereupon  expand,  forcing  down  one  end  of  the 
lever  /,  and  forcing  up  the  clutches  a  a  against  the  rods.     The 


Elevation  showino  Catch 


Fig.  550.— Calow's  safety-cage. 


Fig.  549.— Hasard  safety-cage. 

figure  shows  one  end  of  the  cage ;  there  are,  of  course,  similar 
clutches  at  the  other  end. 

Another  safety-cage,  Calow's,  is  shown  in  Fig.  550.  The 
principle  of  this  is  highly  ingenious.  There  is  a  toothed  clutch,  a, 
keyed  on  a  shaft,  S,  which  is  forced  against  the  conductor  b  by 
the  spring  c,  pressing  upward  under  the  lever  D,  also  keyed  on 
to  the  shaft  S ;  but  the  action  of  the  spring  is  resisted  by  the 
weight  E,  so  that  until  that  weight  is  removed  the  clutch  cannot 
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grasp  the  conductor.  If  the  cage,  however,  were  free  to  fall, 
then  the  weight  E  would  not  press  upon  the  lever  D,  because  all 
the  parts  would  be  falling  together.  The  instant  the  rope  breaks 
the  cage  is  free  to  fall,  therefore  the  weight  E  ceases  to  be  a 
weight  in  regard  to  the  lever  D  on  which  it  rests ;  consequently 
the  spring  c  acts  and  forces  the  clutch  against  the  conductor. 
The  falling  cage  tends  to  jam  the  clutch  still  tighter,  so  that  when 
the  cage  stops  the  weight  E  has  no  power  to  reopen  the  clutch. 
This  apparatus  has  been  used  at  a  good  many  collieries. 
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CHAPTER  XXL 

PUMPING-ENGINES  :   CORNISH,    COMPOUND,    HORIZONTAL,    . 
FLY-WHEEL,    HYDRAULIC,    PNEUMATIC,    ELECTRIC. 

No  class  of  machinery  is  more  important  to  the  miner  than 
pumping-engines,  which  are  necessary  for  draining  the  mine  ;  in 
fact,  the  first  efforts  of  the  inventors  of  steam-engines  in  this 
country  seem  to  have  been  directed  to  the  construction  of  a 
pumping-engine.  Saver/s  engine,  called  the  miner's  friend,  acted 
in  a  manner  very  similar  to  that  of  the  modern  pulsometer. 
Steam  from  the  boiler  was  admitted  by  means  of  a  hand-tap  into 
the  condenser;  as  soon  as  the  condenser  is  full  of  steam,  the  tap 
is  shut ;  the  steam  condenses  and  the  water  rises  up  through  a  suc- 
tion pipe  to  fill  the  vacuum ;  then  the  steam-pipe  is  opened,  and 
the  pressure  of  the  steam  acting  on  the  surface  of  the  water  forces 
it  out  through  the  rising  pipe  or  main.  The  steam-tap  is  again 
shut,  and  a  jet  of  cold  water  out  of  the  rising  main  is  allowed  to 
fall  on  the  condenser;  as  the  steam  is  condensed  the  water  rises 
up  the  suction-pipe  again  ;  the  steam-tap  is  opened,  and  the  water 
forced  out  into  the  rising  main.  This  pump  would  only  suck  the 
water  a  short  distance,  perhaps  20  feet,  and  force  it  to  a  height 
corresponding  to  the  steam-pressure,  say  another  20  feet,  or 
perhaps  more  if  the  pressure  was  high.  The  idea  was  to  place 
one  engine  above  another  in  the  shaft-side,  so  forcing  the  water 
to  the  top  in  a  manner  exactly  similar  to  that  done  with  the 
pulsometer  shown  in  Figs.  159  and  160  already  described. 

Newcomen  Engine. — The  Newcomen  engine  was  like  the 
modern  steam-engine,  having  a  cylinder,  piston,  beam,  etc.  This 
was  improved  by  Smeaton,  and  engines  similar  to  those  made  by 
Smeaton  have  been  at  work  within  the  last  twelve  years.  It  is 
a  vertical  cylinder  beam-engine ;  beneath)  the  cylinder  is  a  pot- 
condenser.  The  cylinder  is  open  at  the  top,  and  is  single  acting, 
that  is  to  say,  the  pressure  only  takes  the  piston  one  way,  that  is, 
downwards,  due  to  the  weight  of  the  atmosphere.  The  piston  is 
connected  to  the  beam,  and  the  outer  end  of  the  beam  to  the 
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pump-rods,  by  means  of  chains,  a  cross-piece,  cut  to  the  segment 
of  a  circle,  being  fixed  on  to  each  end  of  the  beam,  so  that  the 
movement  of  the  piston  and  pump-rod  is  vertical. 

Boulton  and  Watt. — The  Boulton  and  Watt  engine  is  an 
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improvement  upon  the  Newcomen.  The  modern  type  has  a 
cqvered  cylinder  and  four  valves,  so  that  steam  is  admitted  at 
each  end  of  the  cylinder  in  turn,  the  exhaust-pipe  leads  to  a 
separate  condenser,  from  which  a  passage  leads  to  the  air-pump. 
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This  engine  is  sometimes  used  to  give  movement  to  a  crank  and 
fly-wheel,  and  thence  by  connecting-rods  to  beams  over  the  pit ; 
and  sometimes  the  outer  end  of  the  engine-beam  is  directly  over 
the  pit,  and  connected  to  the  pump-rods. 

Cornish    Pumping  -  engine. — The   Cornish    engine    (see 


Fig.  552. — Cornish  engine  J    section  of 
cylinder,  valves,   and  air-pump,     a, 
cylinder  ;  b,  steam-space,  or  "  steam- 
jacket  ; "    c,    outer    case    of   steam-        J) 
jacket. 


Figs.  551-553)  is  made  on  the  principle  of  Watt's  engine,  but 
differs  from  the  modern  Boulton  and  Watt  in  having,  only  three 
valves  and  being  single  acting.     Steam  is  admitted  on  the  top  of 
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the  piston  for  the  downstroke;  when  this  is  completed  the 
equilibrium-valve  at  the  top  of  the  cylinder  is  opened,  and  the 
steam  from  the  top  passes  through  a  pipe  to  the  bottom  of 
the  cylinder,  thereby  placing  the  piston  in 
equilibrium.  The  upstroke  is  made  by  the 
weight  of  the  pump-rods  attached  to  the  outer  • 
end  of  the  beam,  and  the  steam  forced  from 
the  top  of  the  piston  to  the  under  side.  The 
exhaust- valve  is  then  opened,  letting  the  steam 
from  under  the  piston  into  the  condenser;  at 
the  same  time,  the  steam-valve  is  opened,  admit- 
ting a  fresh  supply  of  steam  to  the  top  of  the 
piston,  the  downstroke  being  made  partly  by 
the  steam-pressure,  and  partly  by  the  vacuum 
in  the  condenser.  The  piston-rod  is  guided  by 
parallel  motion.  A  Cornish  pumping-engine  is 
generally  considered  one  of  the  best  kinds ;  its 
economy,  however,  depends  upon  the  observ- 
ance of  well-known  rules  for  the  economical 
working  of  steam.  The  boiler,  steam-pipes,  and 
cylinder  are  carefully  covered  over  with  non- 
conducting material  to  prevent  the  radiation  of 
heat ;  in  some  cases  the  cylinder  has  a  steam- 
jacket.  The  steam  is  used  expansively;  that 
is  to  say,  the  steam-valve  is  shut  at  say  from 
J  to  f  of  the  stroke,  the  rest  of  the  stroke  being 
performed  by  the  expansion  of  the  steam,  the 
suction  of  the  vacuum,  and  the  momentum  of 
the  moving  parts.  The  engine  stops  at  the  end 
of  every  upstroke  of  the  piston,  and  does  not 
start  again  until  by  the  operation  of  the  cataract 
a  weight,  is  set  free,  which  in  falling  opens  the 
steam-valve ;  the  piston  then  goes  down,  and  is 
Fig.  553.  —  Cornish  drawn  up  again  by  the  weight  of  the  pumps.  The 
Sea„deva°vnesrf  cataract  is  shown  in  Fig.  554;  it  consists  of  a 
little  ram-pump.  The  ram  G  is  lifted  up  by  the 
beam  e  by  the  action  of  the  plug-rod  attached  to  the  engine- 
beam  on  the  lever  a  as  the  piston  goes  up,  and  it  sucks  water 
from  the  tank  h.  The  ram  G  is  free  to  fall  again,  except  for  the 
water  underneath  it,  which  can  only  escape  through  a  small 
tap,  K.  The  ram  falls  by  the  action  of  the  weight  /,  at  a  speed 
corresponding  to  the  opening  in  this  tap,  which  can  be  regulated 
by  the  rod  0,  so  that  the  ram  may  fall  in  a  second  or  in  a  minute. 
When  the  ram  has  nearly  reached  the  bottom,  the  pin  m  on  the 
beam  e  lifts  the  rod  n,  and  so  releases  a  sector  on  the  horizontal 
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axis,  thus  setting  free  a  heavy  weight  which  has  been  lifted  up  by 
the  engine ;  the  falling  of  this  weight  by  means  of  a  lever  opens 
the  steam-valve.  A  Cornish  engine  is  generally  made  with  a. 
stroke  of  from  8  to  12  feet,  and  with  a  cylinder  from  40  inches 
to  no  inches  in  diameter.     A  large  engine  is  one  with  a  cylinder 


Fig.  554.— Cataract. 

84  inches  in  diameter,  and  n-feet  stroke.  The  pressure  in  the 
steam-boiler  is  from  20  to  60  lbs.,  and  the  number  of  strokes 
per  minute  from  four  up  to  eight.  Six  strokes  is  a  good  speed 
for  an  engine  of  which  the  piston  travels  10  feet  each  way ; 
when  six  strokes  a  minute  is  spoken  of,  it  means  that  the  piston 
goes  up  and  down  six  times,  and  if 
it  goes  10  feet  each  way,  it  moves 
120  feet  in  a  minute.  Fig.  552 
shows  a  section  of  the  cylinders, 
valve-chests,  condenser,  and  air- 
pump.  A  is  the  steam-valve  ad- 
mitting steam  on  top  of  piston  x ; 
B  is  the  equilibrium-valve,  allowing 
steam  free  passages  from  top  of 
piston  to  the  under  side ;  C  is  the 
exhaust-valve  connecting  bottom  af 
cylinder  with  the  condenser  D  ;  E 
is  the  injection  of  water  which 
condenses  the  steam,  and  F  is  the 
air-pump  cylinder;  G  is  the 
suction- valve  at  bottom;  H,  the 
bucket  or  piston  with  valves;  and  I  is  the  cover  with  delivery- 
valves.     As  a  rule,  the  water  on  the  bucket  strikes  this  cover  on 


Fig.  555. — Bull  engine. 
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the  upstroke,  and  it  is  therefore  made  to  lift,  so  as  to  reduce 
the  shock. 

Bull  Engine. — The  Bull  engine  (see  Fig.  555)  differs  from 
the  Cornish  engine  in  having  the  cylinder  placed  directly  over  the 
shaft,  the  piston-rod  of  the  engine  being  connected  directly  to  the 
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Fig.  556. — Barclay  engine.  At  high-pressure  cylinder,  51  inches  diameter;  B,  low-pressure 
cylinder,  73  inches  diameter;  C,  condenser;  D,  air-pump;  E,  pump-rod.  Stroke  of  A, 
7  feet  gi  inches ;  stroke  of  B,  10  feet. 

pump-rod.  By  means  of  a  long  connecting-rod,  a  balance-beam 
is  attached  to  the  cross-head  of  the  piston-rod,  and  a  counter- 
balance weight  is  at  the  other  end.  Rods  from  this  beam  work 
the  valves,  air-pump,  etc.  This  engine  is  preferred  by  some 
engineers,  but  the  pit-top  is  less  accessible  with  this  engine  over 
it  than  with  the  beam-engine. 

Barclay's. — Another  arrangement  is  that  adopted  by  Barclay. 
The  cylinder  is  between  the  pump-rods  and  the  fulcrum  of  the 
beam.  By  this  arrangement  the  stroke  of  the  pump-rods  is  rather 
longer  than  that  of  the  engine  (Fig.  556). 

Horizontal  Engine. — As  in  winding-engines,  so  in  pumping- 

engines,  the  engine  is  often  laid  horizontally.     A  connecting-rod 

from  the  cross-head  gives  movement  to  the  pumps  at  the  pit-top 

(see  Fig.  5  571).    The  horizontal  engine  may  be  similar  to  a  Cornish 

1  J.  B.  Simpson,  N.E.  Inst. 
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engine,  or  it  may  have  a  fly-wheel ;  in  this  latter  case  the  piston- 
rod  comes  through  the  back  cylinder-cover,  and  by  means  of  a 
connecting-rod  gives  movement  to  a  fly-wheel.  The  fly-wheel  has 
the  advantage  of  regulating  the  length  of  the  stroke,  so  that  the 


Fig.  557. — Horizontal  engine  with  fly-wheel. 


piston  must  always  make  a  stroke  of  exactly  the  same  length,  and 
is  therefore  less  likely  to  strike  against  the  cylinder-cover.  Some 
engineers  prefer  pumping-engines  with  fly-wheels,  and  some  prefer 
them  without ;  but  it  is,  however,  a  fact  that  some  of  the  finest 
examples  of  pumping-machinery  in  the  country  have  fly-wheels, 
and  that  other  equally  fine  pumping-engines  have  no  fly-wheels. 

Compound  Pumping-engines. — The  economy  with  which 
steam  is  used  depends,  amongst  other  things,  on  the  degree  of 
expansion.  Steam  may  be  expanded  twenty  times  in  a  steam- 
engine  with  advantage,  if  the  original  pressure  is  high,  say  100 
lbs.  or  more,  and  there  is  a  condenser.  This  high  degree  of 
expansion  cannot  be  safely  obtained  with  a  single  cylinder, 
because  the  admission  of  steam  at  a  very  high  pressure  to  a  large 
cylinder  puts  a  dangerous  strain  upon  the  machinery.  This  diffi- 
culty is  got  over  by  the  adoption  of  two  or  more  cylinders.  The 
steam  is  first  admitted  into  the  smaller  cylinder,  where  it  is  cut 
off  at  one  quarter  or  half  stroke ;  the  exhaust  steam  from  this 
cylinder  is  then  taken  into  a  large  cylinder,  say  twice  the  diameter 
and  four  times  the  capacity ;  the  steam  is  here  expanded  four 
times  again,  and  as  it  was  expanded  twice  or  four  times  in  the 
high-pressure  cylinder,  the  total  expansion  is  eight  or  sixteen  times. 
This  method  of  expanding  is  used  with  vertical  engines  by  placing 
the  two  cylinders  side  by  side,  as  in  Fig.  556,  and  in  horizontal 
pumping-engines  by  placing  one  cylinder  behind  the  other,  as  in 
Fig.  564. 

Arrangement  of  Pumps  in  Shaft. — Fig.  551  shows  the 
method  of  arranging  the  pumps  attached  to  a  Cornish  pumping- 
engine.  It  will  be  seen  that  there  are  three  rams  one  above  the 
other,  each  ram  being  carried  on  beams  fixed  across  the  pit.    Below 
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the  bottom  ram  is  a  bucket-pump ;  this  bucket-pump  fills  the  bottom 
ram  cistern,  the  bottom  ram  fills  the  middle  one,  and  the  middle  one 
the  top  ram  cistern.  Water  running  down  the  shaft-sides  is  con- 
veyed into  the  cisterns  from  which  the  rams  take  their  supply.  It 
is  essential  that  there  should  always  be  sufficient  water  in  the  cistern 
to  supply  the  ram  on  its  upward  stroke ;  if  this  is  not  so,  and  the 
ram-cylinder  should  only  be  filled  say  three-fourths  of  the  distance, 
the  pump-ram  on  the  downstroke  would  fall  down  on  to  the  top  of 
the  water  rapidly,  and  when  it  struck  the  water  there  would  be  such 
a  concussion  that  the  machinery  would  very  likely  be  broken  and 
the  ram-case  burst.  In  order  to  keep  the  latter  "  solid,"  to  use  the 
technical  phrase,  the  lower  pump  is  always  bigger  than  the  pump 
above,  unless  there  is  a  feeder  of  water  in  the  shaft-side  going  to 
the  upper  pump ;  any  surplus  of  water  raised  by  the  lower  pumps 
is  carried  down  the  pit  by  an  overflow-pipe.  The  reason  for 
placing  a  bucket-pump  at  the  bottom  of  the  pit  is  that,  in  case  of 
flooding,  the  ram  and  valves  connected  with  it  could  not  be  got 
at  for  repairs  if  it  were  underneath  the  water ;  but  the  bucket  and 
clack  can  be  drawn  by  means  of  the  rods  and  repaired  when  they 
are  under  water.  If  the  rods  should  break  at  the  top  they  would 
not  fall  down  the  pit,  because  clamped  to  each  side  of  the  rod  at 
intervals  are  packing  pieces  of  wood,  and  beneath  these  are  strong 
timber  beams  fixed  into  the  shaft  side,  which  prevent  the  rods 
from  falling  further  than  their  proper  stroke ;  the  rods  are  also 
guided  by  cross-bearers  in  the  shaft  (see  P,  Fig.  551)  against 
which  the  rods  may  rub,  and  by  which  they  are  prevented  from 
bending.  In  order  to  prevent  the  rods  being  worn  out  by  friction 
against  the  guides,  boards  are  fixed  on  to  the  side  of  the  rod, 
springing  a  little  way  out  from  the  rod  at  the  centre,  so  that, 
instead  of  the  rods  touching  these  guides,  it  is  these  outside  boards 
or  rubbers,  and  they  yield  when  pressed  against  the  guides,  so  as 
to  prevent  any  shock.  The  proper  working  of  a  Cornish  pump 
depends  upon  having  the  weight  of  the  rods  properly  balanced. 
The  rods  and  pump-rams  are  always  heavier  than  the  column  of 
water,  and  it  is  this  excess  of  weight  which  causes  them  to  go 
down ;  but  the  weight  is  generally  too  great  for  this  purpose,  and 
a  balance-beam  is  placed  at  the  pit-top  with  a  balance-weight  put 
in  a  box.  The  amount  of  this  balance-weight  can  be  altered  as 
required,  the  faster  the  engine  has  to  work  the  less  the  balance- 
weight.  But  where  the  pit  is  very  deep  one  balance-beam  is  not 
sufficient,  and  one  or  more  balance-beams  are  placed  in  chambers 
in  the  shaft-side  and  attached  to  the  rods  by  long  connecting-rods 
(see  Fig.  558),  so  that  each  length  of  say  100  yards  of  rods  has 
a  separate  balance-beam ;  this  reduces  the  strain  upon  the  rods  at 
the  pit-top.   Great  attention  has  to  be  paid  to  the  proper  balancing 
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of  the  pumps  if  they  are  to  work  at  a  good  speed  without  undue 
shock.  Where  the  shaft  is  inclined,  as  in  many  metalliferous 
mines,  the  arrangement  of  pumps  is  similar  to  that  just  described, 
only  the  pump-rods  rest  upon  rollers  fixed  on  the  shaft-side. 

Pump-valves. — Many  kinds  of  valves  are  used.  One  is  the 
ordinary  butterfly-clack  as  described  in  sinking-pumps.  Some- 
times, instead  of  the  valves  being  hinged  at  the  centre,  they  are 


Fig.  559. — Mushroom- 
valve. 


Fig  560. — Double-beat  valve  with  gutta-percha  seats. 


hinged  at  the  side  of  the  clack-shell,  opening  at  the  middle ;  and 
they  are  often  made  so  that  the  whole  valve  can  lift,  the  spindle 
of  the  hinge  moving  up  and  down  in  a  vertical  slot.  Instead  of 
butterfly-valves  a  mushroom-valve  is  sometimes  used  (see  Fig.  559); 
this  is  simply  a  round  plate  of  iron  or  brass  shaped  like  a  mush- 
room, the  central  spindle  working  in  a  collar.  In  order  to  reduce 
the  shock  caused  by  the  closing  of  a  large  valve,  double-beat 
valves  are  generally  used  (see  Fig.  560).     These  valves  are  ring- 
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shaped,  and  have  two  seats  or  beats  one  above  the  other;  the  two 
seats  are  in  one  casting,  and  the  centre  of  the  inner  seat  is  filled 
with  a  solid  plate,  so  that  no  water  can  pass  except  between  the 
valve  and  the  seats.  When  the  valve  is  lifted,  water  passes  under 
it  at  the  inner  and  outer  ring;  there  are  thus  two  passages  for  the 
water  under  the  valve  as  compared  with  only  one  passage  where 
a  simple  mushroom-valve  is  used.  For  this  reason  the  valve  need 
not  be  lifted  so  high  in  order  to  give  water-space,  and  as  the 
valve  is  not  lifted  so  high,  it  does  not  come  down  so  fast  when 
it  closes,  and  therefore  there  is  less  shock.  There  is  also  less 
weight  upon  it,  because  it  has  only  to  bear  the  weight  of  a  small 
ring  of  water.  The  average  diameter  of  this  ring  is  the  average  of 
the  diameters  of  the  two  seats,  and  the  width  of  the  ring  is  the 
difference  between  the  inside  diameter  of  the  upper  beat  and 
the  outside  diameter  of  the  lower  beat,  and  this  need  not  be 
more  than  i  inch ;  therefore  the  only  weight  upon  this  valve  is  that 
due  to  this  ring  i  inch  wide,  so  that  both  the  valve  and  the  valve- 
seat  last  longer  than  they  would  do  if  they 
had  to  bear  the  whole  weight  of  water. 
But  where  metal  beats  upon  metal  there 
is  a  tendency  for  the  valve  to  get  ihjured 
and  worn  out.  This  is  sometimes  re- 
medied by  introducing  a  narrow  ring  of 
leather  or  of  gutta-percha  into  the  valve- 
seat,  as  shown  in  Figs.  560  and  561.  If 
this  is  well  made,  it  will  stand  a  great 
deal  of  wear. 

Long  Lifts. — Of  late  years  it  has 
become  common  to  have  long  lifts. 
Sometimes  a  bucket-lift  is  made  to  lift 
ioo  yards  and  more,  but  where  there 
is  a  great  depth  there  is  great  wear  and 
tear  of  the  buckets.  Fig.  5  6 1  is  a  drawing 
Fig.  561.— steel  bucket  with  brass  of  a  steel  bucket  used  for  a  lift  of  IOO 
rmgs'  yards,  20  inches  in  diameter.   The  bucket 

is  packed  with  brass  rings.  The  valve  at  the  top  is  steel  lifting  all 
round,  but  held  in  its  place  by  a  hinged  spindle  moving  in  vertical 
slots  at  one  side ;  it  beats  upon  a  ring  of  gutta-percha.  Where  a  ram 
pump  is  used,  there  is  no  limit  to  the  height  which  the  water  may 
be  forced.  At  the  Staveley  Collieries  (see  Fig.  562)  there  is  a 
compound  horizontal  steam-engine  without  fly-wheel  (by  Hathorn 
Davey  and  Co.  of  Leeds),  described  by  the  late  Mr.  Humble  at 
the  Chesterfield  and  Midland  Counties  Institute.  This  engine 
gives  movement  to  two  beams  with  L  legs ;  to  each  of  these 
beams  is  attached  a  pump-rod  of  pine  16  inches  square.     The 
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rams  are  at  the  bottom  of  a  pit  240  yards  deep,  and  are  each 
20  inches  in  diameter ;  they  each  force  water  up  one  central 


Fig.  362.— Staveley  ram  pumps. 
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rising  main  18  inches  in  diameter.  As  the  pressure  upon  the 
valves  at  this  depth  would  be  very  great,  instead  of  having  a  large 
valve,  seven  double-beat  valves  5  inches  in  diameter  were  used 

(see  Fig.  563).  By  this  means 
the  pressure  per  square  inch 
of  valve-seat  was  reduced  to 
a  comparatively  small  figure, 
and  at  the  same  time  a  larger 
water-way  was  provided  with  a 
less  height  of  valve-lift. 

Underground  Pumps. — 
It  has  become  quite  common 
to  place  a  pumping-engine  at 
the  pit-bottom,  or  only  5  or  6 
yards  above  the  pit-bottom. 
This  engine  sucks  the  water 
out  of  the  sump  and  forces  it 
to  the  top  in  one  column. 
This  plan  is  adopted  because 
the  steam-pipes  take  up  less 
space  in  the  shaft  than  pump- 
rods,  and  also  because  in 
many  cases  there  is  no  space 
at  the  pit-top  for  the  erection 
of  a  pumping-engine.  From 
some  points  of  view,  the  pit- 
bottom  is  not  the  right  place 
for  a  pumping-engine,  because, 
if  it  should  break  down,  or  be 
overpowered  by  an  additional  feeder  of  water,  it  might  be  drowned, 
and  nobody  could  then  get  at  it  to  start  it.  Underground  pumps, 
however,  are  generally  used  as  supplementary  to  a  pump  at  the 
surface,  or  where  the  winding-engine  is  capable  of  raising  the 
water  should  the  pump  break  down,  or  else  the  pumps  are  pro- 
vided in  duplicate.  The  chief  difference  between  an  underground 
pump  and  a  surface  pump  is,  that  the  former  has  its  ram  attached 
to  the  piston-rod  of  the  steam-engine  direct,  instead  of  through 
a  long  length  of  rods;  and,  for  convenience  of  erection  under- 
ground, these  engines  are  generally  horizontal.  They  are  made 
both  with  and  without  fly-wheels,  and  there  is  a  great  variety. 
Fig.  564  shows  one  with  fly-wheel,  which  is  similar  to  one  recently 
erected  by  the  writer  (except  that  in  the  figure  the  engine  is  shown 
compound)  which  works  satisfactorily,  and  Fig.  565  shows  a  pair 
of  pumps  like  a  "  Worthington  pump."  Underground  pumping- 
engines  are  often  worked  by  compressed  air,  which  acts  in  the 


Area  of  each  valve  under  pressure 
of  column      ..... 

Total  area  of  openings  in  the  seven 
valves  for  delivery 

Weight  of  clack       .... 

Pressure  per  square  inch  to  lift  clack 

Diameter  of  pumps 

Fig.  563. — Staveley  ram  :  small  valves. 
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same  way  as  steam. 
Compressed  air,  how- 
ever, on  its  expansion 
produces  great  cold, 
and  in  some  cases  the 
exhaust  ports  are  filled 
up  with  ice,  bringing 
the  engine  nearly  to  a 
stop.  This  difficulty 
has  been  remedied  in 
several  ways.  One  way 
is  to  round  off  the 
edges  of  the  pojts.  It 
has  been  found  in  some 
cases  that  the  ice  does 
not  then  adhere.  An- 
other plan  is  to  have 
a  gas-burner  or  an  oil- 
lamp  to  keep  the  ex- 
haust port  warm.  Hot 
irons  are  sometimes 
sent  down  the  shaft 
from  the  boiler  fire, 
and  placed  upon  the 
valve-chest.  A  better 
method  is  to  pass  the 
compressed  air  through 
a  small  heating-stove, 
which  enhances  its 
economy  of  use.  It  is 
said  by  some  engineers, 
that  if  air  is  expanded 
so  as  to  be  "ex- 
hausted "  at  a  pressure 
below  that  of  the  at- 
mosphere, no  ice  will 
be  formed.  Under- 
ground pumping-en- 
gines  are  also  driven 
by  hydraulic  pressure 
forced  through  pipes 
from  a  pumping-engine 
at  the  surface.  In 
some  cases  an  under- 
ground steam-pump  is 
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fixed  in  the  shaft,  say  50  or  100  yards  above  the  bottom  (see 
Fig.  566),  and  it  is  supplied  with  water  by  a  hydraulic  pump  at 


Fig.  565. — Coupled  steam-pump,  underground  (Worthington). 

the  pit-bottom,  which  itself  is  driven  by  the  pressure  of  water 
from  the  rising  main  of  the  steam-pump  above.  Electric  pumps 
have  been  introduced  of  late  years.  The 
arrangement  of  one,  as  erected  by  Mr. 
Frank  Brain  at  the  Trafalgar  Colliery,  is 
shown  in  Fig.  567.  This  is  one  of  the 
first,  if  not  the  first,  electric  pumping- 
plants  in  the  mines  of  this  country. 

A  fine  example  of  underground  hy- 
draulic pumping-machinery  is  shown  in 
Figs.  568  and  569.  This  was  erected  at 
the  silver-lead  mines  of  Clausthal,  and 
were  quite  new  when  seen  by  the  writer  in 
1883.  The  engines  are  at  a  depth  of  680 
yards  below  the  surface ;  the  water-supply 
is  obtained  from  reservoirs  on  the  hills 
above  the  mine.  There  is  an  adit  driven 
from  a  valley  7  miles  distant,  which  reaches 
the  shaft  at  a  height  of  260  yards  above 
the  pumping-engine  ;  the  pumping- engines 
are  thus  driven  by  water  having  a  head  of 
680  yards,  and  have  to  raise  the  water  to 
The  difference  in   pressure,  420  yards, 


Fig.  566. —Steam    and    hy- 
draulic pumps  in  pit. 

a  height  of  260  yards. 
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is  equal  to  about  540  lbs.  per  square  inch.  Each  engine  has  a 
pair  of  horizontal  cylinders  12  inches  in  diameter,  with  a  stroke 
of  2  feet ;  the  piston-rods,  6£  inches  in  diameter ;  the  pump- 
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Fig.  568.— Clausthal  hydraulic  pumps. 


cylinders,  13  inches  in  diameter.  The  cylinders,  rods,  and  pumps 
are  all  brass.  This  pair  of  engines  is  duplicated  by  another  on 
the  other  side  of  the  shaft.  The  total  cost  of  the  installation 
jtBwa  was     ;£i  6,000.       These 

particulars  were  obtained 
by  the  writer  on  the  spot ; 
the  figure  is  reduced  from 
a  drawing  prepared  by 
Professor  Oscar  Hoppe. 

Another  fine  example 
of  hydraulic  pumping- 
machinery  was  erected  in 
Derbyshire  at  the  Allport 
Lead-mines.  The  water 
was  brought  from  a  river 
at  some  distance,  and  had 
a  pressure  of  58  lbs.  on 
the  square  inch  at  the 
top  of  the  mine,  where  the  engine  was  erected.  This  was  direct- 
acting;  the  cylinder  50  inches  in  diameter,  10-feet  stroke.  The 
water  was  raised  a  total  height  of  132  feet  by  a  plunger  42  inches 
in  diameter ;  the  pump-rod  was  20  inches  square ;  the  pump- 
trees  were  40  inches  in  diameter ;  and,  in  case  the  mine  should  be 
flooded  and  the  ram  inaccessible,  provision  was  made  for  insert- 
ing a  bucket  38  inches  in  diameter.  The  engine  would  work 
without  undue  concussion  seven  strokes  a  minute,  and  at  that 


Fig.  569.- 


-Clausthal  hydraulic  pumps  :  shaft,  and 
hydraulic  column. 
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rate  would  raise  more  than  4000  gallons  a  minute.     Its  usual 
speed  was  five  strokes. 

Pumps  placed  at  a  great  distance  from  the  shaft  in  dip 
workings  are  often  driven  by  endless  ropes,  the  rope  driving 
a  pulley,  and  that,  by  means  of  gearing,  giving  movement  to  a 
revolving  shaft,  cranks  on  which  drive  the  pumps  (see  Fig.  570). 
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Fig.  570. — Rope-driven  pump. 

Useful  Effect  of  Pumps.— In  a  well-arranged  vertical 
pumping-engine,  working  in  a  vertical  shaft  about  100  yards 
deep,  80  per  cent,  of  the  power  of  the  engine  may  sometimes  be 
found  in  the  water  lifted.  The  power  of  the  engine  is  ascertained 
by  an  indicator  in  the  method  already  described  for  fan  engines. 
The  work  done  in  raising  the  water  is  ascertained  by  taking  the 
amount  in  gallons,  and  multiplying  that  by  10  to  turn  it  into 
pounds  (a  gallon  of  water  weighs  10  lbs.),  and  multiplying  the 
weight  by  the  height  to  which  the  water  is  raised  in  feet :  thus 
1000  gallons  a  minute  raised  100  feet  =  10,000  lbs.  raised 
100  feet  =  1,000,000  foot-pounds,  and  this  divided  by  33,000 
gives  about  30  H.P.  If,  instead  of  100  feet  deep,  the  mine 
had  been  400  feet  deep,  the  horse-power  in  water  would  have  been 
120,  and  if  that  is  80  per  cent  of  the  engine-power,  it  follows 
that  the  indicated  horse-power  of  the  steam-engine  required  would 
be  150.  The  efficiency  of  the  pump  will,  of  course,  be  less  with 
a  long  length  of  rods  than  with  a  short  one.  Each  beam  and 
bell-crank  absorbs  some  power  in  friction ;  horizontal  engines 
and  pumps  have  more  friction  than  vertical  ones.  The  efficiency 
in  some  cases  is  only  50  per  cent.  In  the  case  of  some  large 
underground  pumps  raising  1500  gallons  a  minute  over  800  feet 
high,  the  useful  effect  is  said  to  be  88  per  cent.  The  larger  the 
pump,  and  the  higher  the  lift,  the  greater  the  useful  effect.  The 
writer  observed  a  horizontal  underground  pump,  with  fly-wheel, 
about  15  H.P.,  that  had  a  useful  effect  of  50  per  cent.  He  also 
observed  a  vertical,  direct-acting  pump,  without  fly-wheel,  of  about 
20  H.P.,  that  had  a  useful  effect  of  90  per  cent.,  the  difference  in 
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the  efficiency  being  entirely  due  to  difference  in  construction,  the 
second  engine  having  less  friction.  The  fuel  consumed  by  a 
pumping-engine  depends  on  the  quality  of  the  boilers,  engines,  the 
pressure,  degree  of  expansion,  etc.,  and  varies  in  actual  practice 
from  about  2  lbs.  of  coal  per  hour  per  indicated  horse-power  of 
engine  up  to  20  lbs. ;  but  a  moderately  good  plant  consumes 
about  5  lbs.  of  good  slack  per  I.H.P.      >    .      1  . 

Strength  of  Pipes. — The  pipes,  clack  doors,  and  bucket 
door-piece  have  to  be  made  very  much  stronger  than  would 
appear  necessary  to  bear  the  pressure  of  water  inside,  because 
the  water  is  continually  rising  and  falling,  and  sometimes  it  jumps 
in  the  pipe  and  falls  back  with  a  shock,  calculated  to  burst  the 
pipes,  unless  there  is  a  very  large  margin  of  strength.  The  shock 
at  the  end  of  a  stroke  in  a  bucket  pump  sometimes  produces  a 
pressure  equal  to  four  times  that  due  to  the  statical  pressure. 
Thus,  if  the  height  of  the  lift  is  60  yards,  the  pressure  is  say 
78  lbs.  per  square  inch  on  the  top  of  the  bucket  This  pressure 
may  be  increased  by  the  water  falling  back  at  the  end  of  the 
stroke  to  312  lbs.  per  square  inch,  and  this  pressure  will  operate 
upon  the  whole  interior  surface  of  the  bucket  door-piece.  The 
factor  of  safety  should  be  about  five,  so  that  the  dimensions  of 
the  door-piece  must  be  calculated  to  resist  an  internal  strain  of 
1560  lbs.  on  the  square  inch.  The  whole  of  this  strain  has  to  be 
borne  by  the  parts  above  and  below  the  bucket  door,  because 
whatever  strength  is  gained  by  the  bolts  on  the  door  must  be 
regarded  as  additional  security.  Fig.  571  gives  the  strengths 
and  dimensions  of  the  pumps  of  a  lifting  set.     *•-   ;;;|if; 

Air-vessels  (see  Fig.  571a)  are  often  used  for  underground 
pumps,  the  engine  forcing  the  water  through  a  pipe  underneath 
the  air-vessel.  With  every  stroke  of  the  pump  the  water  rises  in 
the  air-vessel,  compressing  the  air ;  this  takes  place  at  that  part 
of  the  stroke  when  the  pump-ram  is  delivering  its  maximum 
quantity  of  water.  When  it  is  delivering  less,  the  expansion  of 
air  forces  some  water  out  of  the  air-vessel,  thus  keeping  up  a 
uniform  flow  of  water,  as  well  as  reducing  the  strain  on  the  pipes 
by  preventing  shocks  either  from  the  ram  or  the  moving  column 
of  water.  An  air-vessel,  to  be  efficient,  must  be  kept  at  least  two- 
thirds  full  of  compressed  air  at  the  pressure  due  to  the  head  of 
water,  and  the  size  of  the  air-vessel  must  be  not  less  than  six 
times  the  room  occupied  by  the  water  delivered  by  each  stroke  of 
the  ram.  Sometimes  an  air-vessel  is  placed  in  the  rising  main  of 
a  vertical  Cornish  ram  pump.  An  air-vessel,  properly  managed, 
is  of  the  utmost  importance  wherever  there  is  a  single  ram  forcing 
through  a  long  length  of  pipes.  Every  air-vessel  should  have  a 
glass  gauge  to  show  the  height  of  the  water,  and  an  inspirator,  or 
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other  kind  of  air-pump,  to  force  in  the  requisite  supply  of  air  to 
keep  the  air-vessel  properly  charged  with  compressed  air. 

Man-engine. — In   many  metalliferous  mines  the  workmen 
ascend  and  descend  the  shaft  by  ladders.     In  some  cases  they 


Design  for  Bucket-door-piece. 

Working  Barrel-  26'diam. 

Height  of  Water  Column  339  Peet. 
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Fig.  571. — Bucket  door-piece  ; 


design  and  dimensions. 


have  daily  to  go  down  and  to  ascend  a  depth  of  1200  feet  or 
more,  which  is  a  very  serious  labour.  To  reduce  this  labour  a 
kind  of  pumping-engine,  called  a  man-engine,  has  been  largely 
introduced,  and  is  used  in  the  mines  of  Cornwall,  and  in  many 
other  metalliferous  mines  of  Europe  and  America ;  it  is  shown 
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in  Fig.  57 1£.     Two  rods,  like  pump-rods,  are  suspended  in  the 

shaft  from  beams,  similar  to  the  pump-beams  which  are  used 

when  pumps  are  driven  by  a  horizontal  engine ;  the  pump-rods 

work  alternately  up  and 

down  —  when   one  goes 

up  the  other  goes  down, 

a  stroke  of  say  10  feet. 

In   order  to  ascend   the 

pit,   the    workman   steps 

on  to   a  platform,  fixed 

on  one  of  the  rods,  just 


Fig.  571a. — Air-vessel. 
A,  glass  gauge  ;  B, 
inspirator ;  C,  com- 
pressed air. 
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Fig.  57 16. — Man-engine. 


large  enough  for  one  or  possibly  two  men  to  stand  close 
together.  He  holds  fast  by  an  iron  loop  fixed  to  the  rod.  As 
the  engine  at  the  top  is  continually  moving,  the  man  is  no  sooner 
on  the  platform  than  he  is  lifted  up  10  feet;  at  the  same  time 
that  he  is  rising,  the  other  rod  is  coming  down.  The  instant 
he  has  got  to  the  top  of  the  stroke,  he  steps  off  on  to  a  corre- 
sponding platform  on  the  other  rod ;  he  is  no  sooner  on,  than 
it  goes  up  10  feet,  whilst  the  platform  he  has  just  left  descends. 
As  soon  as  he  has  got  to  the  top  of  the  stroke  he  steps  back  on 
to  a  corresponding  platform  on  the  first  rod,  which  is,  however, 
20  feet  higher  up  than  the  platform  on  which  he  first  started. 
In  this  way  he  goes  up  to  the  top,  first  a  stroke  of  10  feet,  then  a 
step  off  to  another  platform.  If  the  pump-rods  make  each  six 
up  and  down  strokes  a  minute,  and  he,  by  changing  from  one 
rod  to  the  other,  makes  a  series  of  upstrokes,  he  will  make  twelve 
upstrokes  in  a  minute — that  is  to  say,  he  will  rise  up  at  the  rate 
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of  1 20  feet  a  minute,  and  if  the  shaft  is  only  600  feet  deep,  he 
will  arrive  at  the  top  in  five  minutes;  if  it  is  1500  feet  deep, 
he  will  arrive  at  the  top  in  twelve  and  a  half  minutes.  Sometimes, 
instead  of  a  double  pump,  there  is  only  one,  and  small  flat  plat- 
forms are  fixed  on-  the  shaft-side  on  to  which  the  man  steps  at 
the  top  of  every  stroke,  where  he  waits  till  the  engine  has  made 
its  downstroke,  which  brings  opposite  him  a  higher  platform. 
With  this  single  pump,  it  would  take  him  twenty-five  minutes  to 
ascend  a  shaft  1500  feet  deep.  For  descending  the  pit,  he  gets 
on  to  one  of  the  pump  platforms  at  the  top,  when  it  is  at  the  top 
of  its  stroke.  He  is  lowered  down  10  feet,  and  steps  on  to  a  corre- 
sponding platform  on  the  other  rod  when  it  is  at  the  top  of  its 
stroke  ;  he  is  again  lowered,  and  so  on. 

This  method  of  going  up  and  down  the  shafts  is  much  liked 
by  the  miners  who  are  accustomed  to  it ;  it  is  much  easier  than 
walking  up  ladders,  and  quicker.  Practice  has  made  them 
indifferent  to  the  dangers  of  missing  a  step,  or  forgetting  to  keep 
their  heads  close  to  the  rod  when  passing  through  a  narrow 
opening  in  a  fixed  platform ;  whilst  the  notion  of  being  wound 
up  a  shaft  500  yards  deep  in  a  minute  by  a  steel  rope  no  thicker 
than  two  thumbs,  seems  to  them  a  dangerous  experiment. 
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CHAPTER  XXII. 


TREATMENT  OF  MINERAL  ON  THE  SURFACE  :  ORE  -  DRESSING, 
LEAD,  TIN,  AND  GOLD,  COLLIERY  SCREENS,  COAL-WASHING, 
COKE-OVEN. 

The  chief  work  on  the  bank  at  a  colliery  is  classifying  the  coal 
according  to  size,  and  loading  it  into  railway  waggons,  canal-boats, 
and  carts.     In  addition  to  classifying,  the  dirt  has  to  be  picked 


Fig.  572. — Coal-screens  and  steam-hoist. 

out.  A  plan  that  is  common  in  the  Midland  Counties  is  to  run 
the  pit  waggon  on  a  tramway,  or  on  plates  which  are  raised  about 
4  feet  from  the  ground,  the  railway  waggons  being  close  up  to 
this  raised  bank ;  the  coal  is  then  lifted  out  of  the  pit  waggons 
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and  placed  in  railway  waggons  according  to  size  and  quality. 
When  there  is  nothing  but  small  coal  left  at  the  bottom  of  the 
pit  waggon,  it  is  raised  by  a  hydraulic  ram,  or  other  hoist,  to  a 
higher  level,  where  it  is  tipped  over  screens  (see  Fig.  572),  and 
is  made  into  three  or  four  sizes — cobbles,  nuts,  peas,  and  dust. 
In  Yorkshire  and  the  north  of  England,  Lancashire  and  other 


Fig.  573. — Plan  of  coal-screens. 
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Fig.  574. — Elevation  and  section  of  screens  shown  in  plan,  Fig.  573. 

places,  the  pit-bank  is  often  raised  about  20  feet  or  more  from 
the  ground,  and  all  the  coal  is  tipped  down  screens  (see  Figs.  530, 
573,  and  574),  where  it  is  sorted  into  large,  cobbles,  nuts,  peas, 
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and  dust;  and  also  according  to  quality,  such  as  hard,  soft,  best, 
gas,  seconds,  etc.  In  order  to  assist  the  screening,  the  screens 
are  shaken  by  means  of  a  small  steam-engine,  which  gives  move- 
ment to  shaking-rods  (suspending  the  screen  bar-frame)  by  means 
of  small  cranks ;  this  causes  the  coal  to  slide  down  shoots  of  a 
very  moderate  inclination,  and  more  effectually  separates  the  dust 
from  the  coal.  Strong  wire  network  screens  are  often  used  for 
the  smaller  sizes  of  coal.  Of  late  years  it  has  become  common 
to  tip  the  coal  from  the  bank  down  a  shoot  on  to  a  broad  moving 
band  about  4  feet  6  inches  wide,  made  of  steel  plates  4  feet  6 
inches  wide  by  18  inches  long  and  -^inch  thick,  fixed  on  carrying- 
chains  made  of  steel  bars  linked  together  by  pins,  so  that  it  goes 
round  rollers  at  each  end ;  one  of  these  rollers  is  driven  by  an 
engine,  and  so  the  band  is  moved  continually  forward  (see  Fig. 
575).  The  coal  falling  on  to  this  travelling  band  is  taken  off 
by  sorters  standing  at  each  side,  and  thrown  down  side  shoots 


izon. 
Fig.  575.— Travelling  belt. 

or  direct  into  railway  waggons  on  each  side,  according  to  quality. 
The  dirt  is  also  taken  out.  The  smaller  coal  falls  into  a  hole  at  the 
end  of  the  band,  whence  it  is  lifted  by  a  bucket-elevator  and 
thrown  over  a  screen  similar  to  that  shown  in  Fig.  572.  The 
travelling-belt  is  say  120  feet  long  on  the  top,  so  that  any  required 
number  of  pickers  and  sorters  may  stand  beside  it.  Two  such 
belts  will  deal  with  1000  tons  of  coal  in  8  hours.  The  belts 
often  travel  at  a  speed  of  30  to  40  feet  a  minute. 

In  the  anthracite  districts  of  Glamorganshire  and  Pennsylvania 
great  care  is  taken  in  classifying  the  coal ;  the  large  lumps  are 
often  broken  up  by  toothed  rollers,  so  as  to  make  nuts,  which 
are  in  great  demand  for  stoves.  Elaborate  and  expensive 
machinery  is  now  erected  for  the  breaking  and  classifying  of 
anthracite.  It  is  made  into  all  sizes,  from  large  lumps  down  to 
the  6ize  of  peas ;  the  dust  is  nearly  valueless.  The  broken  coal  is 
classified  in  a  manner  similar  to  that  employed  for  metalliferous 
ores,  and  shown  in  Fig.  584 ;  but  the  crushing-rollers  are  different, 
and  there  is  less  pressure  required  to  hold  the  rolls  together. 

Most  bituminous  coal  can  be  made  into  coke.  Where  there 
is  a  great  demand  for  coke,  and  the  coal  is  qualified  to  make  it 
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of  the  very  best  quality  (as  in  the  county  Durham),  the  whole 
production  of  a  colliery  is  sometimes  coked,  the  large  coal  being 
broken  up  by  crushing-rollers  to  facilitate  coking.  In  other 
districts  only  the  very  small  coal,  otherwise  hardly  salable,  is 
coked.  The  ordinary  method  of  coking,  which  is  considered  by 
many  engineers  the  best,  is  to  put  the  small  coal  into  an  oven 
built  of  fire-brick,  circular  in  plan,  shown  in  section,  Fig.  576.  The 
coal  is  put  in  through  a  hole  at  the  top;  the  charge  is  about 
5  tons.  If  the  oven  is  hot,  as  it  will  be  if  in  regular  use,  the  coal 
takes  fire,  the  side  door  having  been  built  up  with  fire-brick  and 
fire-clay.     Some  small  holes  are  left  for  the  admission  of  air, 
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Fig.  576.— Coke-oven. 


enough  to  burn  the  gases  given  out  by  the  coal.  As  the  heat  of 
the  oven  increases  by  this  combustion,  the  air-holes  are  stopped 
by  degrees,  so  that  the  gases  go  off  unburnt  into  the  flue,  which 
goes  to  a  chimney.  It  is  now  usual  to  introduce  boilers  between 
the  ovens  and  the  chimney,  and  to  burn  the  gases  under  the 
boilers,  thus  effecting  an  important  economy.  Ovens  are  generally 
built  in  long  ranges  thirty  or  forty  in  a  row,  and  a  double  row 
with  a  central  flue  leading  to  the  chimney ;  the  outer  walls  are 
made  very  thick,  to  keep  in  the  heat  as  much  as  possible.  The 
intense  heat  in  the  oven  drives  out  all  the  volatile  hydro-carbons, 
and  causes  the  remaining  carbon  (and  dirt)  to  partially  melt  and 
run  together  into  a  hard  mass,  which  swells  up  to  a  larger  bulk  than 
the  original  coal.  This  process  takes  about  72  hours,  more  or  less 
(it  varies  very  much  with  the  quality  of  the  coal,  from  50  to  over 
100  hours).  Then  the  side  door  is  pulled  down,  and  a  water-jet 
at  once  turned  on  to  the  coke  to  cool  it  and  so  prevent  combustion, 
and  then  the  coke  is  raked  out  and  further  watered  (just  enough 
water  to  stop  combustion,  but  not  more  than  the  heat  of  the  coke 
can  evaporate,  so  that  the  coke  may  be  dry).  The  coke  is  some- 
times drawn  out  at  some  modern  plants  by  mechanical  extractors 
when  it  is  red  hot ;  the  watering  is  then  done  outside  the  oven,  and 
the  cooling  of  the  interior  by  watering  is  avoided.     The  oven  is 
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immediately  recharged  with  slack. '  The  coke  weighs  from  50  to 
68  per  cent,  of  the  weight  of  the  original  charge  of  coal.  It 
breaks  up  into  large  irregular  lumps,  very  porous,  with  bright 
metallic  lustre,  grey  colour,  and  specific  gravity  about  074. 

Coal-washers. — In  case  the  slack  is  mixed  with  a  great  deal 
of  dirt,  it  is  generally  washed.  There  are  several  kinds  of  coal- 
washers.  One  of  the  most  largely  used  kind  of  washer  is  con- 
structed as  follows :  The  coal  is  sized — that  is  to  say,  passed 
through  screens  which  separate  it  into  different  sizes  (see  Fig. 
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Fig.  577.— Coal-washing  "jigger,"  for  coal  larger  than  f"  :  side  view. 


584;  the  rolls  shown  in  the  figure  are  not  for  colliery  plant); 
each  size  is  conducted  to  separate  washing-machines.  The  slack 
is  then  placed  on  a  tray  full  of  perforated  holes  (see  Figs.  577, 
578),1  in  a  box  which  is  full  of  water.  '  By  the  side  of  this  box 
is  a  wooden  cylinder,  in  which  there  is  a  wooden  piston;  this 
piston  is  lifted  up  and  down,  about  fifty  or  sixty  strokes  a  minute, 
by  a  small  crank  or  eccentric  driven  by  an  engine ;  the  length  of 
stroke  may  be  varied  from  2  inches  to  4  inches.  The  piston  makes 
its  downstroke  faster  than  its  upstroke.  The  lifting  up  and  down 
of  this  piston  causes  the  water  in  the  box  to  jump  up  and  down 
in  a  corresponding  manner ;  the  water,  passing  through  the  holes 
in  the  perforated  tray,  lifts  up  all  the  fragments  of  coal  and  dirt, 
the  lighter  fragments  (that  is,  the  coal)  being  lifted  the  higher. 

1  The  reader  is  referred  to  an  excellent  paper  on  "  Coal-washing"  in  the 
Transactions  of  the  South  Wales  Institute,  by  Mr.  R.  de  Soldenhoff,  from 
which  Figs.  577-580  have  been  taken. 


Fig.  S78.— End  view  of  coal-washer  shown  in 
Fig.  577. 
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As  the  water  recedes  the  coal  and  dirt  also  fall,  the  heavier 
particles  (that  is,  the  dirt)  falling  the  faster ;  the  result  is  that  in  a 
short  time  all  the  dirt  is  at 
the  bottom  and  the  coal  is 
at  the  top.  The  coal  is 
moved  off  by  the  water, 
aided  by  scrapers,  while 
the  dirt  goes  off  up  the 
cylinder  A,  and  out  by  the 
opening  B,  whence  it  is  re- 
moved by  the  revolving 
scoop  C.  Some  of  the 
small  coal  and  dirt  may  fall 
through  the  gratings,  and 
can  be  let  out  by  the  valve 
D.  This  machine  will  wash 
about  s  tons  of  slack  an 
hour. 

For  small  sizes  of  coal, 
say  §  inch  and  less,  the  tray 
on  which  the  slack  is  put  is 
covered  with  a  layer  of  feld- 
spar gravel  (Figs.  579,  580) 
3  or  4  inches  thick.  The 
size  varies  from  §  inch  up 
to  if  inch  according  to 
size  of  coal,  but  is  always 
larger  than  the  openings  in 
the  grating.  The  action  is 
the  same  as  above  de- 
scribed. By  the  action  of 
the  water,  the  dirt  sinks 
down  through  the  gravel 
and  the  grating,  whilst  the 
coal  remains  on  the  top  and 
is  carried  forward  by  the 
water.  The  dirt,  having 
passed  downwards  through 
the  feldspar,  falls  through 
the  perforated  tray  into  the 
bottom  of  the  box,  out  of 
which  it  is  taken  from  time  to  time  through  the  opening  L. 
For  these  smaller  sizes  of  coal  the  stroke  of  the  piston  varies 
from  \  inch  to  2  inches,  and  from  100  to  150  strokes  a  minute. 
This  machine  will  wash  from  two  to  three  tons  an  hour. 
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Fig. 


579. — Feldspar  coal-washing  machine  for  %' 
and  smaller :  end  view 
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The  percentage  of  coal  wasted  on  this  system  of  washing 
depends  entirely  on  the  careful  arrangement  of  the  machine  and 
the  outlay  incurred.  By  washing  and  rewashing  the  smaller 
particles,  very  nearly  all  the  dirt  can  be  extracted,  whilst  very 
little  coal-slack  is  lost ;  but  as  a  rule  it  does  not  pay  to  carry  the 
operation  too  far.  A  rough  rule  at  collieries  is  that  ordinary 
slack  containing  an  average  quantity  of  dirt  is  reduced  in  weight 
one-third  in  washing ;  thus  3  tons  of  dirty  slack  yield  2  tons  of 
clean'  slack.  Often  the  percentage  of  dirt  and  loss  is  much  less, 
in  some  cases  7  tons  of  dirty  slack  yielding  6  tons  of  clean  slack. 


Fig.  580. — Side  view  of  machine  shown  in  Fig.  579. 


The  water  is  used  over  and  over  again,  and  there  is  no  occasion 
for  any  dirty  water  to  be  sent  off  into  the  rivers,  as  has  been 
done  in  some  cases. 

It  will  be  seen  that  the  principle  of  this  washer,  which  is  that 
of  most  washing  and  separating  machines  and  contrivances,  is  to 
utilize  the  difference  in  the  specific  gravity,  or  weight  for  equal 
sizes,  of  the  coal  and  shale.  The  specific  gravity  of  water  is  i ; 
that  of  coal,  about  i"3;  that  of  shale,  about  2  '3;  and  that  ot 
feldspar,  about  2  "6.  Thus  the  shale,  falling  faster  and  rising 
slower,  is  separated  from  the  coal ;  the  coal  cannot  get  to  the 
bottom,  because  each  stroke  of  the  piston  lifts  all  the  material, 
and  the  shale  gets  down  before  the  coal.  The  feldspar  merely 
serves  the  purpose  of  a  grating  of  great  thickness,  and  in  passing 
through  it  there  is  time  for  particles  of  coal  to  be  arrested  and 
sent  up  to  the  top ;  it  also  gives  a  movable  surface  to  the  grating, 
so  that  every  part  of  the  coal  and  shale  are  exposed  to  the  action 
of  the  water. 

Another  kind  of  machine  is  Robinson's,  which  has  lately  come 
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into  use  in  this  country  (see  Fig.  581).  The  principle  of  this 
coal-washer  is  the  same  as  that  of  the  jigging-machine,  and  can 
be  best  understood  with  the  aid  of  the  Fig.  581.  It  consists  of 
a  circular  iron  box,  in  section  like  an  inverted  truncated  cone, 
about  9  feet  6  inches  diameter  at  top,  2  feet  at  bottom,  and  8  feet 
deep.  The  dirty  coal  is  filled  in  at  the  top,  and  water  is  forced 
in  at  the  bottom.  The  water  is  taken  from  a  tank  some  height 
above  the  machine,  giving  a  head  of  32  feet,  so  that  it  may  come 
at  a  regular  speed  and  pressure.     The  water  enters  all  round  the 
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Fig.  581. — Robinson's  coal-washer.  H,  perforated  coal-spout ; 
B,  supply-pipe  to  washer  ;  E,  dirty  coal-spout  to  washer  ;  P, 
revolving  arms  or  agitators  driven  by  engine  K  ;  R,  hand- 
levers  attached  to  dirt-valves. 

cone  at  the  bottom  at  x  in  the  figure,  passing  through  holes  about 
£  inch  in  diameter.  In  order  to  keep  the  coal  and  water  mixed, 
it  is  stirred  up  by  means  of  a  vertical  revolving  shaft,  a,  driven  by 
the  bevel-wheel  c,  which  is  driven  by  the  engine  K ;  and  on  a 
level  with  the  top  of  the  hopper  are  four  iron  arms,  dd.  To  each 
of  these  four  arms  are  fastened  three  iron  bars,  P  P.  Below  the 
hopper  are  two  valves, /and  g,  one  of  which  is  always  closed  to 
prevent  the  water  escaping  at  the  bottom,  so  that  it  is  forced  to 
overflow  at  the  top.  The  space  h  between  the  two  valves  forms 
a  receptacle  for  the  dirt,  which  may  be  emptied  by  first  closing 
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the  valve  /,  then  opening  the  valve  g.  The  water  passes  up  at 
such  a  velocity  that  it  has  power  to  lift  the  coal,  but  has  not 
sufficient  power  to  lift  the  dirt,  owing  to  its  greater  specific  gravity. 
Because  of  the  continuous  action  of  this  machine,  it  will  get 
through  a  great  deal  of  work.  As  the  coal  and  water  come  over 
the  side  of  the  hopper  it  falls  down  a  shoot,  H ;  the  water  drains 
off  through  perforations  in  the  bottom  of  this  shoot. 

One  of  the  oldest  kinds  of  coal-washers,  which  is  still 
extensively  used,  is  the  inclined  water-trough.  From  the  top  of 
a  staging  a  wooden  trough,  one  or  two  feet  in  width,  is  carried 
on  posts  at  a  sufficient  incline  for  a  stream  of  water  to  rush  with 
great  rapidity ;  this  trough  is  several  hundred  feet  long.  At 
intervals  of  a  few  feet  are  weirs  formed  of  cross-bars  fixed  in 
grooves;  the  weir  is  one  or  two  inches  in  height  according  to 
circumstances.  The  dirty  slack  is  delivered  with  a  stream  of 
water  into  the  trough  at  the  top ;  the  water  runs  down,  carrying 
with  it  both  dirt  and  coal ;  the  larger  bits  of  dirt  are  caught  by 
the  wooden  cross-bars  or  weirs,  and  remain  in  the  trough  whilst 
the  coal  is  carried  forward.  The  deposit  of  dirt  soon  fills  the 
trough  to  the  level  of  the  weir.  Another  cross-bar  is  then  put  in 
the  groove ;  that  again  catches  the  dirt,  until  the  space  behind  is 
nearly  filled  with  dirt.  When  this  happens  the  trough  is  cleaned 
out,  and  the  process  begins  again.  The  water  may  be  pumped 
up  and  used  over  again.  This  kind  of  washer  gives  very  good 
results  in  some  places ;  it  must,  however,  be  borne  in  mind  that 

I  the   efficiency  of  any  coal-washer 

depends  on  the  careful  classifica- 
tion of  the  material  to  be  washed. 
Centrifugal  Separator. — One 
of  the  drawbacks  of  the  washing 
of  coal  is  the  expense  of  drying 
it.  If  the  coal  is  to  be  coked,  the 
moisture  has  to  be  driven  off  by 
the  heat  of  the  oven.  Sometimes 
the  wet  slack  is  put  into  a  revolv- 
ing cylinder,  so  that  the  moisture 
can  be  thrown  off  by  centrifugal 
force.  A  dry  centrifugal  separator 
has  been  made  for  use  with  metalli- 
The  mixture  of  ore  and  dirt  is  fed 
This  hopper  turns 


Fig.  582. 


WW 

-Centrifugal  ore-separator. 


ferous  ores  (see  Fig.  582) 
into  the  centre  vertical  revolving  hopper,  a, 
with  great  rapidity,  and  by  the  centrifugal  force  thus  produced  the 
stuff  is  thrown  out  through  the  horizontal  opening  b.  The  heavier 
material,  having  greater  momentum,  is  thrown  further  than  the 
1  Clarkson  and  Stanficld's  patent. 
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lighter,  the  heaviest  furthest  of  all.  Supposing  the  ore  to  be 
separated  is  lead  ore  ground  to  the  size  of  coarse  sand,  the 
larger  particles  will  be  thrown  into  the  furthest  receptacle  c,  the 
smaller  particles  into  the  nearer  receptacle  d,  and  dirt  with  very 
little  ore  will  fall  into  the  receptacle  e.  The  dirt  and  ore  mixed 
can  be  passed  through  the  separator  again. 

Briquettes. — A  great  deal  of  slack  is  made  into  what  are 
called  briquettes;  these  are  lumps  of  slack  mixed  with  some 
adhesive  material  and  compressed  into  the  form  of  bricks,  whence 
their  name.  This  is  sometimes  called  patent  fuel.  Where  the  coal 
is  exceedingly  friable,  as  at  some  of  the  French  mines,  nearly  the 
whole  production  of  a  large  colliery  is  made  into  briquettes.  In 
England  it  is  only  a  small  proportion  of  the  slack  which  in  some 
districts  is  so  treated.  Many  cementing  materials  have  been 
tried,  such  as  clay  and  starch,  but  pitch  is  now  almost  exclusively 
used.  The  proportion  of  pitch  depends  partly  on  the  kind  of 
machinery  used,  partly  on  the  nature  of  the  coal,  and  partly 
on  the  requirements  of  the  consumer,  and  may  be  said  to  vary 
between  5  per  cent,  as  a  minimum  and  20  per  cent  as  a  maximum. 
The  price  of  pitch  is  subject  to  considerable  variations,  but  as 
its  price  is  not  uncommonly  ten  times  that  of  the  slack  with 
which  it  is  mixed,  there  is  every  inducement  to  use  it  with 
economy.  The  process  of  manufacture  is  somewhat  as  follows : 
The  coal  is  screened  and  ground  to  a  uniform  size ;  the  pitch  is 
ground  into  a  fine  powder.  The  coal  and  pitch  are  mixed  together 
in  a  mill  and  subjected  to  heat,  generally  that  of  high-pressure 
steam,  which  partly  melts  the  pitch ;  the  heated  mixture  is  then 
lowered  into  a  machine  like  a  brick-making  machine,  where 
it  is  subjected  to  great  pressure,  each  brick  being  separately 
moulded,  and,  falling  on  to  a  travelling-band,  is  carried  away  and 
stacked.  This  is  the  plan  commonly  adopted  in  English  machines. 
On  the  continent  it  is  common  to  force  the  briquettes  out  through 
a  long  tube,  as  in  a  wire-cut  brick-machine.  But  they  are  forced 
out  by  a  ram,  and  not  by  a  pug-mill ;  the  result  is  that  the  issuing 
block  of  compressed  material  breaks  up  into  briquettes.  Some- 
times, instead  of  square  bricks,  a  cylindrical  form  is  adopted,  like 
that  of  drain-pipes,  but  solid  inside.  When  properly  made  the 
briquettes  are  hard,  and  will  stand  transport  and  weathering,  and, 
if  made  from  clean  slack,  make  very  good  coal,  but  more  smoky 
than  ordinary  coal  owing  to  the  mixture  of  pitch.  A  common 
weight  for  English  briquettes  is  about  10  lbs.,  and-they  are  some- 
times made  a  good  deal  larger.  For  domestic  purposes  this  size 
is  somewhat  too  large,  and  in  France  they  are  made  of  various 
shapes  and  small  sizes  to  suit  the  householder. 

Iron  Ore. — The  clay-band  ore  of  the  coal  measures  generally 
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Fig.  583.—  Blake's  patent  stone-breaker. 


requires  dressing,  because  the  lumps  of  ironstone  are  covered 
with  shale.  The  practice  is  to  throw  iron  ore  into  heaps  where 
it  is  weathered ;  sometimes  it  is  watered  and  washed  with  a  hose 
pipe,  and  the  shale  is  afterwards  broken  off  by  means  of  a 
hammer.     The  oolite  and  hematite  ores  now  generally  used  do 

not  require  this  dressing.  The 
further  treatment  of  the  ore,  such 
as  calcining,  comes  properly 
under  the  head  of  Metallurgy. 

Lead  Ore. — When  this  ore 
has  been  delivered  on  the  bank 
it  is  subjected  to  a  process  of 
sorting,  large  lumps  of  ore  being 
picked  out  by  hand,  and  some- 
times cleaned  by  means  of  a 
hammer.  Lumps  of  stone  and 
ore  mixed  are  put  into  a  crusher,  like  Blake's  crusher  (see  Fig. 
583) ;  the  broken  lumps  are  then  put  through  steel  crushing- 
rolls  about  2  feet  in  diameter,  pressed  together  by  a  weighted 
lever  (see  Fig.  584).  In  case  of  some  uncrushable  material  acci- 
dentally getting  in,  the  pressure  lifts  the  weight  and  the  rollers 

part.  After  passing 
through  the  rollers,  the 
crushed  stone  passes 
through  sizing  -  screens 
— that  is  to  say,  three 
revolving  screens  fast- 
ened together  in  se- 
quence. The  first  screen 
has  the  smallest  holes, 
the  second  larger  holes, 
and  the  third  the  largest. 
What  will  not  pass 
through  these  last  is 
carried  back  to  the 
rollers.      These    three 


Fig,  584.— Crushing-rolls  and  sizing-screens. 


sizes  of  ore  fall  into  wooden  troughs,  along  which  the  ore  is 
carried  by  a  current  of  water  to  jiggers,  where  it  is  treated  in 
a  manner  exactly  similar  to  that  already  described  for  the  wash- 
ing of  coal.  But  it  must  be  remembered  that  in  coal-washing 
the  lighter  mineral  is  valuable,  and  the  heavier  is  dirt;  whilst 
in  lead-washing  the  lighter  mineral  is  dirt,  and  the  heavier  is 
valuable.  The  dust  containing  ore  is  sized  in  a  hydraulic  classi- 
fier shown  in  Fig.  585.  A  stream  of  water  carries  the  ore 
and  stone  into  a  tank  divided  into  compartments ;  the  heaviest 
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Fig.  585. — Water-compartment  classifier. 


grains  sink  into  the  first  compartments,  and  the  lightest  of  all  are 
carried  away  by  the  overflow,  and  the  particles  of  intermediate 
size  fall  into  the  intermediate  compartments  whence  they  are 
taken  away  to  the 
jiggers.  The  jigging 
of  the  water  causes 
the  lead  to  fall  down, 
whilst  the  dirt  is  left 
on  the  top.  The  dirt 
is  washed  off  and 
carried  away  with  the 
overflow  water,  and 
the  lead  remains 
either  on  the  trays  or 
falls  into  the  box 
below.  Feldspar  is 
put  on  the  trays  for 
lead-ore  washing.  The 
overflow  water  car- 
ries away,  as  well  as 
dirt,  fine  particles  of 
ore,  because  the  water  has  no  faculty  for  separating  lead 
from  dirt  except  by  the  difference  in  the  weight  of  the  lumps, 
and  lead  ore  in  very  fine  dust  is  no  heavier  than  coarser  dust 
of  dirt. 

This  slime  is,  however,  washed  again  by  a  machine  called  a 
buddle  (see  Fig.  586).  This  concave  buddle  is  a  large  basin,  say  15 
or  20  feet  in  diameter,  the  floor  of  which  is  made  of  wood ;  the  sides 
slope  gently  towards  the  centre.  Buddies  are  often  convex,  the  sides 
sloping  down  from  the  centre.  In  the  centre  is  a  vertical  spindle 
made  to  revolve  ;  arms  C  C  on  this  spindle  move  round  the  basin; 
dropping  from  these  arms  are  very  soft  brushes,  which  lightly  touch 
the  surface  of  the  basin.  From  a  ledge  surrounding  the  basin,  fed 
by  revolving  pipes  or  troughs,  A  A,  the  slime  is  delivered  by  water 
on  to  the  sides  of  the  basin,  and  very  slowly  runs  down  the  sides, 
the  revolving  brushes  continually  stirring  it  up  and  turning  it 
round.  By  this  very  gentle  action  the  dirt  is  washed  away  towards 
the  centre,  and  some  of  it  is  carried  away,  and  the  lead  remains 
upon  the  wood  near  the  outer  circumference,  from  which  it  is 
afterwards  removed.  As  the  deposit  thickens  the  internal  ring 
B  B  is  raised,  and  the  brushes  are  lifted  a  little  at  the  same  time 
by  means  of  the  lever  D,  until  the  deposit  has  reached  about 
1  foot  in  depth.  This  deposit  is  then  taken  out  in  three  rings : 
the  first  or  external  ring  is  clean  lead  ore ;  the  middle  ring  is  ore 
and  dirt  requiring  rebuddling;  the  internal  ring  is  mostly  dirt, 
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and  may  be  rebuddled  if  it  contains  lead  enough  to  pay.     The 
slope  of  the  buddle  is  about  one  in  ten. 

Tin,  Copper,  Gold,  etc.— The  method  of   dealing  with 
ores    above    described    is    applicable  to  most    kinds,    and    is 


Fig.  586.— Buddie. 

largely  employed  in  tin-mines.  For  tin,  however,  stamps  are 
generally  used  to  crush  the  ore  to  a  sufficient  fineness.  A 
side  view  of  a  stamp  is  shown  in  Fig.  587.  The  stamp  has 
an  iron  spindle  and  cast-steel  head,  weighing  together  perhaps 

1  cwt. ;  the  lower  part  of  the 

head  or  hammer  is  from  2^ 

inches  to  6  inches  in  diameter 

dre  :»  lumps  according  t0  weight  of  hammer 

and  hardness  of  rock.  Near 
the  top  of  the  spindle  is  a 
collar;  a  revolving  cam  raises 
it  and  allows  it  to  drop  again, 
the  fall  being  about  8  inches. 
Below  this  stamp  is  a  cast-steel 
or  cast-iron  anvil ;  this  is  in  a 
socket,  and  can  be  easily  re- 
placed when  worn  out,  and  is 
enclosed  in  a  wooden,  iron,  or 
steel  box.  On  one  side,  the  ore, 
which  has  been  already  crushed 
with  rolls,  is  fed  in  with  a  stream 
of  water;  at  the  opposite  side  is  a  metal  plate  perforated  with  very 
small  holes,  through  which  the  ore  passes,  carried  by  the  water 
when  it  has  been  crushed  sufficiently  fine.  As  this  process  of 
stamping  is  very  slow,  a  great  number  of  stamps  are  required;  they 
are  generally  arranged  in  a  battery  of  five  stamps  (see  Fig.  588). 


Fig.  587. — Stamp  :  side  view. 
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The  quantity  of  rock  crushed  in  24  hours'  continuous  work 
depends  on  its  hardness,  on  the  number  of  blows  per  minute,  and 
on  the  size  of  the  openings  through  which  the  crushed  ore  has  to 
pass.  As  ordinarily  used,  each  stamp 
will  crush  from  1  to  3  tons;  ij  to  2 
tons  is  about  an  average  quantity.  The 
number  of  blows  per  minute  varies  from 
sixty  to  a  hundred.  The  size  of  the 
mesh  varies  greatly  for  gold  quartz;  it 
is  sometimes  about  nine  hundred  open- 
ings to  the  square  inch;  the  openings 
usually  vary  from  -^  to  ^  inch  in  width. 
The  old-fashioned  way  of  working  the 
stamps  is  shown  in  Fig.  589.  The  ore 
when  crushed  is  taken  to  the  buddle, 
where  the  dirt  is  washed  away. 

Gold  quartz  is  first  broken  up  with 
a  crushing-machine,  then  passed  through 
rolls,  and  then  it  goes  to  the  stamps, 
where  it  is  stamped  exceedingly  fine. 
With  the  stamps  mercury  is  placed. 
Mercury  has  a  great  affinity  for  gold,  and 
unites  with  it,  so  that  a  great  deal  of  gold  unites  with  the  mercury  in 
the  stamp-box.  As  the  slime  escapes  from  the  stamp-box  through 
the  perforated  plates,  it  is  carried  by  the  water  over  copper  plates 
which  have  been  previously  covered  with  mercury,  and  the  gold 
in  the  stream  adheres  to  the  copper  plates.    The  residue  runs  off, 


Fig.  588. — Stamp  :  front  view. 


Fig.  589. — Ordinary  Cornish  stamp. 


and  is  collected  and  concentrated.  Fig.  590  shows  a  concen- 
trating-table  made  of  an  indiarubber  belt  about  3  feet  6  inches 
wide,  tightly  stretched  over  rollers  about  8  feet  apart ;  there  are 
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ledges  on  each  side  of  the  belt.  It  moves  very  slowly  forward,  as 
shown  by  the  arrows.  The  slime  is  poured  on  from  a  spout  with 
a  stream  of  water ;  a  very  rapid  succession  of  sharp  jerks  longi- 
tudinally from  the 
eccentric  throws  the 
heavier  ore  back, 
whilst  the  lighter 
dirt  is  carried  for- 
ward by  the  water 
and  movement  of 
the  belt.  The  dirt  is 
washed  away ;  the 
ore  is  scraped  off  the 
upper  part  of  the  belt.  Another  system  is  like  a  "Rittinger 
table."  It  is  similar  to  the  above,  but  the  shaking  of  the  belt  and 
frame  holding  it  is  lateral,  separating  the  ore  into  three  streams, 
all  carried  forward  (see  Fig.  591);  one  is  concentrated  ore,  one 
is  mixed,  and  one  is  dirt.  In  order  to  extract  the  gold  from  the 
amalgam,  it  is  only  necessary  to  heat  the  mixture  of  gold  and 
mercury  in  an  iron  retort,  when  the  mercury  is  turned  into  gas, 


Fig.  590. — Concentrating-table. 


Shaker 


PLAN 

Fig.  591.— Concentrating-table.    S,  springs  ; 


R,  travelling  rubber  belt. 


and,  going  off  through  a  coil,  is  condensed  and  can  be  used  Over 
again,  while  the  gold  remains  in  the  retort.  All  gold  is  not  so 
easily  dealt  with  as  this.  The  above  process  is  applied  to  what 
is  called  "  free-milling  ore."  The  chlorination  and  other  processes 
are  used  for  the  extraction  of  ores  mixed  with  iron  and  other 
metals. 

In  dealing  with  iron  or  copper  pyrites  containing  gold, 
different  processes  are  adopted ;  a  description  of  these  comes 
under  the  head  of  Metallurgy. 

In  dealing  with  the  diamondiferous  rocks  extracted  from  the 
South  African  mines,  the  process  is  as  follows  :  The  earth  or  rock, 
technically  known  as  "  yellow "  or  "  blue,"  is  laid  out  on  large 
level  floors  hundreds  of  acres  in  extent.  The  blue  (which  is  the 
harder  kind  of  ore,  and  that  which  is  principally  raised)  is  ploughed 
and  harrowed  down  to  a  depth  of  9  inches,  and  is  then  allowed 
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to  weather.  In  the  absence  of  rain,  it  is  watered  by  means  of 
pipes.  After  being  sufficiently  weathered,  it  is  put  into  a  large 
trough  full  of  water,  where  it  is  agitated  by  revolving  arms.  The 
mud  flows  off;  the  heavier  parts,  including  the  diamonds,  fall  to 
the  bottom.  It  is  subsequently  treated  in  jiggers  or  pulsating, 
machines,  similar  to  those  used  for  coal-washing,  and  thus,  by  a 
succession  of  processes,  the  dirt  is  separated  from  the  diamonds 
sufficiently,  so  that  when  the  concentrated  ore  is  laid  out  on  tables 
the  diamonds  can  be  picked  out  by  hand. 

Ore-dressing. — Ore-dressing,  or  the  separating  of  the  metal 
and  the  substances  with  which  it  may  be  in  chemical  combination 
from  the  dirt  with  which  it  is  mixed  in  the  mine,  comes  within  the 
province  of  the  mining  engineer;  for  instance,  lead  ore  (galena)  does 
not  contain  pure  lead,  but  sulphuret  of  lead,  which  is  a  mixture  of 
lead  and  sulphur.  It  is  the  business  of  the  ore-dresser  to  separate 
the  galena  from  the  dirt ;  it  is  the  business  of  the  smelter  to 
separate  the  sulphur  from  the  lead.  When  there  is  a  large  pro- 
portion of  silver,  the  ore  is  then  called  a  silver  ore,  and  not 
a  lead  ore.  Tin  is  also  not  found  as  a  pure  metal,  but  as  an 
oxide,  and  it  is  this  oxide  of  tin  (cassiterite)  that  the  ore-dresser 
separates  from  the  stone.  Copper  is  sometimes  found  as  pure 
metal  called  native  copper,  as  at  the  mines  of  Lake  Superior,  in 
North  America,  but  it  is  commonly  found  as  a  sulphuret. 

The  chief  modes  of  ore-dressing  resolve  themselves  into  the 
•  following  simple  rules :  To  crush  mineral  as  it  comes  from  the 
mine  so  small  that  the  lumps  of  pure  ore  can  be  separated  from 
the  stone,  the  classifying  must  take  place  at  every  stage  of  the 
crushing  process ;  it  is  done  by  hand  when  the  lumps  of  pure  ore 
are  not  too  small,  but  when  the  lumps  get  smaller  than  the  size 
of  a  filbert,  the  sorting  is  done  by  machinery,  and  this  is  simply 
done  by  allowing  a  stream  of  water  to  carry  away  the  lighter  or 
non-metallic  particles.  But  the  stream  of  water  must  be  applied 
as  nearly  as  possible  to  particles  of  stone  and  ore  the  same  size. 

In  the  case  of  coal,  the  lighter  particles  are  the  valuable 
particles,  the  dirt  being  heavier ;  in  the  case  of  metals,  the  lighter 
particles  are  the  valueless  material,  the  ore  being  heavier.  A 
shaking  movement  facilitates  the  separation  of  the  dirt  from  the 
ore,  as  in  the  jigger ;  so  in  the  buddle  the  revolving  brushes  give 
a  gentle  shake  to  the  ores.  This  may  be  attained  in  other  ways, 
as  for  instance,  a  vibrating  table  or  a  Rittinger  table,  an  Emery 
table  or  a  Frue  vanner,  etc. 

In  dealing  with  slimes,'itis  impossible  to  separate  the  ore  from 
the  dirt  completely  at  one  operation.  Some  of  the  dirt  is  taken 
away  by  the  first  operation,  and  the  concentrated  material  is  then 
removed  to  another  machine,  whether  it  it  be  a  jigger,  a  buddle, 


472  MINING. 

a  Rittinger  table,  a  Frue  vanner,  or  other  contrivance,  and  some 
more  of  the  dirt  is  removed,  the  process  of  concentration  being 
repeated  three  or  four  times,  until  the  ore  is  sufficiently  clean  to 
go  to  the  smelter. 

In  addition  to  the  processes  of  concentration  where  water  is 
used,  there  are  others  in  which  air  is  used  instead  of  water.  In 
these  air- machines  air  is  blown  through  the  ore,  blowing  away  the 
light  worthless  particles,  whilst  the  heavy  metal  falls  down.  This 
is  simply  the  old-fashioned  process  exemplified  in  the  winnowing- 
machine,  by  which  chaff  is  blown  away  from  wheat ;  but  the 
application  of  the  principle  to  ore-dressing  involves  a  great 
difference  in  construction.  Machines  have  been  made  to  separate 
ore  without  any  air-blast.  The  crushed  ore  is  ejected  from  a  rapidly 
revolving  centrifugal  machine  (see  ante,  p.  463). 

There  is  also  a  great  variety  of  crushing-machinery.  This 
crushing  is  sometimes  done  by  rollers  revolving  in  a  pan,  as  in 
a  mortar-mill.  In  other  machines  large  balls  of  cast  iron  are 
placed  in  a  pan  containing  ore ;  the  pan  is  made  to  revolve,  and 
the  ore  is  crushed  by  the  balls  rolling  over  the  ore. 

In  other  crushing-machines  the  ore  is  whirled  round  with  great 
rapidity  by  revolving  paddles,  which  throw  the  ore  against  the 
internal  projections  of  a  strong  cast-iron  case ;  another  set  of 
revolving  paddles  by  the  side  of  the  first  set  moves  in  the  other 
direction.  In  another  machine  the  ore  is  injected  by  an  air-blast 
through  a  nozzle.  A  similar  air-blast,  exactly  opposite  to  the  first  • 
one,  injects  an  opposing  stream  of  ore,  the  opposing  volleys  of 
ore  being  thus  broken  up. 

Crushing-machines  may  be  divided  into  three  classes :  first, 
that  in  which  the  ore  is  crushed  between  a  hammer  and  anvil ; 
second,  a  roller  and  pan  ;  third,  that  in  which  one  piece  of  ore  is 
made  to  strike  against  another  piece  of  ore.  Most  of  the  crushers 
belong  to  the  first  and  second  classes. 

In  many  places  there  is  not  sufficient  quantity  of  ore  or 
sufficient  capital  for  the  erection  of  powerful  machinery,  and  a 
great  part  of  the  work  is  done  by  hand  and  shovel,  or  by  means 
of  a  jigger  worked  by  hand. 

Water-power  is  largely  used  for  driving  mining-machinery, 
especially  in  mountainous  districts  ;  overshot  wheels  and  turbines, 
as  well  as  other  wheels,  are  used,  a  40-feet  overshot  water-wheel 
being  capable  of  driving  fifteen  stamps  for  gold  quartz,  together 
with  concentrating-machinery  and  all  other  apparatus  necessary 
for  extracting  gold  from  the  ore,  equal  to  dealing  with  30  tons 
of  hard  quartz  per  diem. 

In  considering  the  modes  of  dealing  with  valuable  minerals, 
it  is  necessary   to   make  some   mention  of  slate.     Perhaps   no 
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other  material  is  so  wastefully  treated,  doubtless  on  account 
of  its  abundance.  Out  of  the  whole  produce  of  a  slate-quarry 
only  from  5  to  10  per  cent,  of  the  slate  is  marketable ;  the  rest  is 
unmarketable,  chiefly  so  rendered  by  the  process  of  mining 
or  subsequent  dressing.  For  economy  of  mining  it  is  necessary 
to  blast  the  slate,  and  this  causes  the  greater  portion  to  be 
shattered  so  as  to  be  worthless.  It  is  necessary  to  prepare 
the  slate  for  market  immediately  it  is  got,  because  if  it  has 
time  to  dry  it  cannot  be  split  up.  It  is  frequently  got  in  large 
lumps,  as  shown  in  Fig.  592,  from  a  photograph  by  the  writer. 


Fig.  592. — Lump  of  slate. 


These  lumps  are  conveyed  on  rails  into  the  workshop,  and  lifted 
by  cranes  on  to  tables  connected  with  circular  saws ;  by  means  of 
these  saws  they  are  cut  into  the  required  shape,  whether  the  slate 
is  wanted  in  the  form  of  large  slabs  or  to  be  split  up  for  roofing 
slates.     Fig.  593  is  from  another  photograph  taken  by  the  writer, 


Fig.  593. — Splitting  slates. 


showing  a  workman  in  the  act  of  splitting  a  slate  with  a  chisel 
driven  into   the  edge   by  a  hand-hammer.     Having  driven  the 


474  MINING. 

chisel  in  a  little  way,  he  then  opens  the  crack  already  made  by 
a  movement  of  his  left  hand,  holding  the  chisel,  and  then  he 
takes  both  hands  to  tear  the  slates  in  two.  Beside  him  is  a  man 
cutting  the  slates  square  and  the  edges  straight.  He  does  this 
by  means  of  a  heavy  knife  hinged  at  one  end  and  held  up  by  a 
spiral  spring ;  by  means  of  a  treadle,  he  brings  the  knife  down 
by  the  side  of  a  fixed  iron  straight-edge,  on  which  he  holds  the 
slate  which  is  to  be  cut. 
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CHAPTER  XXIII. 

MISCELLANEOUS  PRECAUTIONS  FOR  SAFETY  ;  DISCIPLINE  ; 
BLOWERS  OF  GAS,  OUTBURSTS  OF  COAL;  DAMS  OF  WOOD, 
BRICK,    ETC. 

The  question  of  safety,  as  is  inevitable  in  any  treatise  on 
mining,  has  been  continually  mentioned  in  the  preceding 
chapters,  but  it  may  be  well  to  refer  more  particularly  to  certain 
points.  The  Mines  Regulations  Act  of  1887  contains  a  great 
deal  of  instruction  which  it  is  unnecessary  to  recapitulate  in  this 
treatise,  as  it  should  be  obtained  separately  by  every  student  of 
mining.  The  student  must  get  the  Act  itself;  not  the  "abstract," 
which  is  misleading  in  some  parts.  The- Act  is  supplemented 
in  each  district  by  special  rules,  which  must  also  be  studied  by 
the  student,  to  see  if  they  contain  additional  instructions. 

The  table  on  the  following  page,  extracted  from  the  Govern- 
ment Returns,  shows  the  proportions  of  fatalities  under  various 
headings. 

It  will  be  observed  that  the  falls  of  roof  and  stone  are  the 
most  frequent  causes  of  accidents.  The  danger  from  this  cause  is 
chiefly  to  be  met  by  careful  timbering.  When  a  collier  is  holir, 
he  must  put  sprags  under  the  coal.  But  there  is  also  a  liability  of 
coal  bursting  off  from  the  face ;  he  must,  therefore,  put  sprags 
against  the  face  of  the  coal,  as  shown  in  Fig.  423.  To  protect 
himself  against  falls  of  the  roof,  he  must  put  up  timber  in  the 
manner  described  in  the  chapter  on  "  Timbering." 

It  is  necessary  constantly  to  examine,  not  only  the  roof,  but 
the  sides  of  every  road,  because,  owing  to  the  joints  in  the  shales, 
clays,  coal,  and  stone,  masses  weighing  hundredweights  or  tons 
are  constantly  falling  off,  and,  if  they  fell  on  a  passing  man  or  boy, 
might  inflict  serious  or  fatal  injuries.  An  experienced  workman 
passing  along  a  road,  examining  by  sight  and  by  touch,  can 
ascertain  if  any  ground  is  loose,  and  if  it  is  he  can  at  once  pull 
it  down  or  secure  it  with  timber.  This  has  to  be  done  before 
any  workman  enters  a  place,  and  from  time  to  time  during 
the  working-hours ;  in  fact,  it  is  necessary  to  have  every  place 
under  continual  observation. 


< 

V 

c 

S 

en 

3 
O 

g, 
w 

a 
o 
« 
u 

13 

■< 

H 
W 

3 

II 

Si  <- 

H      CO       N  00         IOO    «    N           O    ■VCO  VO    M           "T(i    u    toj  MJ  f 

H      «      0   0        M  h  b  if)        h'h   IO0   0    |    h  0   m  lOMOtol 

*tv               

in 

!  1  1 

-J 

a  >> 

M                            MM                         «                   I                          M                 M     1 

Oi            

CO 

I  1  1 

00 

i  *  1 1    „« ,  „  »""i»i"ir«n 

w     000*066 '£ 
10       ^noqB 

co  torn 

asm 

d 

CO 

|      *#•[«        co  1     |    •*■       Ht\oiro|ro||N«rocO| 

^    oiE'iSiM- 

tn  h  ■* 

0  O*  N 

6\ 

CO 

oo 

1     oo      [    1         *  1     |    w       |    ro*o    1     1     1    h  h  n  m  m  1  «o    1 

^    ooS'ooo*E 
*°       ^noqB 

0  co   cs. 
n  t>.co 

$    35 

CO 

CO 

oo 

H       W>        II            «    to  H  VO           N     1      Oim   1      1       1      1     H   M    »     i.    IO   1 

t>.          ""~ 

«    CO 

ro       ' 

CO 
CO 

m     co     h  «        h  m    1    +       !f0ts"lllN|H'*[|Hl 

VO               

OMO 

H 

< 
a 
.2 

3 

bjj 

0> 

s 

'rt 
o 
O 

w) 

w 

■J 

o 
U 

in  rt 
<tj   ft 

*0*O    OVO          -<HO  \0    ■*■        O«cOCOO000««O"*-«OVOCO 
mmn^-M       co  b  rob       w  b  a  n  n  b  "w  o  t>.b  m  m  h  o 
ro  h  oo                 h             w             «  n                 rvco        •*  w        mm 

H     H     IO 

0 

PS 

O 

IO 

1  I  5 

CO 

"rt  §J 

r-   in   m     m  rj.i         M    MMS           O    H    «ij-  O  "*■  Tt"VO    H    m  W    H    1/lCO    ■■*■ 
t>-\0   ION                OirOMfO        MO    H   MM          wo    m  cOlO    w    N   m 
»o  >o  r-                               m             wm                 co  ■+       «             «h 

1  1  1 

CO 

h  cjisoih       co  p-  wi  •*■      wiouimH  1    oo  f*co  o  w  *  m 

innin                «             tj-            «M                oo  co        co  h        -^-  ■* 
m  ro 

£  e6S'£69*Z6i 
o> 

0  «  ■«■ 
>o*o  CO 

"J-^   Ox 

S1    8 

d 

co 

o  Q  *h  pi      ot^mo      coTt-cTii-iroHp«.p«.fo-*Hm  co\o 

&0    M                       <N                  M                  (NNM                  t*»CO           CO  CM           ■<*-  CO 
M    M    CO 

0  Z88'So9**6i 

toco  ro 
CO  wo 
«  m  r>. 
co      tC 
M       \o 

\0            H 

c5\ 

co 
oo 

w  mo  «  w        cimhn       iANinoi+1    mo<o«OmffiN 

CO  M    lO                           «                     W                    H     M                     1       t"»CQ            Onh             -<J-  CO 

M     H     CO 

*  gSg'Eeg'egi 
0 

WON 
CO  to  « 

i^m  n 
co     cc? 

IO         M 

CO 
CO 

co 

on  mvo  mm        smno      \ow  >oco  co  ro  oi  h  o\  h  ^j-  h  on  o 
■* «   ■*■                  h              to             h   n                   inoo         CO  H         M   * 

m   ro 

°g  £91^099*881 
00 

m  m  co 

+  0  01 
o>\o  *o 
■*     10 

CO        0 

CO 
CO 

owo  -rhoo  h      vovocoh       voroNvoroi    m  mo  ^^o  ^-  0\  l 

ON 

t^O\0> 

t-  N    M 

d  ma 
iO       ro 

M          P* 

rt 

Explosions  of  fire-damp       

tp.,11*  :„  ™;„Q  i  Falls  of  sides 
Falls  m  mine  {Fa,lsofroof 

.Overwinding 

/  Ropes  and  chains  breaking  ... 
M I  Whilst   ascending    and    de- 
&  1     scending  by  machinery    ... 

jS  J  Falling  into  shaft       

"  a  Things  falling  from  surface ... 

m  I  Falling  from  part  way  down 

f  Things  falling  from  part  way 

\      down 

\  Miscellaneous 

M      /Explosions  of  gunpowder    ... 

g*(2  [  Suffocation  by  gases 

«  g  1  Irruptions  of  water 

JS  bo  <  Falling  into  water     

^  jj  \  On  inclined  and  engine  planes 

^K  ^  I  Trams  and  tubs          

g  3  [  Machinery  underground 
\  Sundries  underground 
g  (  Machinery  on  surface 

c^  J  Boilers  bursting         

O  g  j  Railway  sidings  at  the  mine 
05  V  Miscellaneous 

Gross  total 

Tonnage  raised,  coal,  fireclay,  shale, 
and   ironstone,  under    the    Coal 
Mines  Act 

Work-people  employed        

Persons  employed  per  life  lost 
Tons  of  mineral  wrought  per  life  lost 

MISCELLANEOUS   PRECAUTIONS  FOR  SAFETY,  ETC.    477 

If  any  evidence  of  this  were  required,  it  can  be  obtained  by 
going  into  some  air-road  where  the  workmen  do  not  pass,  and 
wnere  repairs  have  not  recendy  taken  place.  This  road  will 
very  likely  be  heaped  with  masses  of  fallen  material,  showing 
the  observer  what  has  recently  occurred,  and  what  is  likely  to 
happen  again  ere  long.  Sometimes  the  efforts  to  secure  the  roof 
by  packs  and  timbers  are  unavailable,  and  what  is  called  a 
"  weight "  comes  on.  This  happens  when  the  adjoining  pillars 
of  coal  are  too  distant  for  the  strata  to  bridge  over  the  space,  and 
then  the  whole  of  the  strata  up  to  the  surface  have  to  be 
supported  by  the  props  and  packs,  which,  being  necessarily 
insufficient  for  this  purpose,  give  way.  This  weight  generally 
gives  warning ;  sounds  of  cracking  and  bumping  are  heard,  and 
the  workmen  have  time  to  escape. 

When  timber  props  have  to  be  withdrawn,  great  care  is 
necessary,  as  mentioned  in  the  chapter  on  "  Timbering." 

Old  Workings. — It  is  an  everyday  occurrence  for  some 
mine  to  be  closed,  and  the  place  so  abandoned  will  probably,  so 
much  of  it  as  is  not  closed  by  the  overlying  strata  sinking  down, 
in  time  become  filled  either  with  noxious  gas  or  with  water. 
Any  miner  working  a  new  mine  in  the  vicinity  of  such 
abandoned  mine,  must  be  guided  by  an  accurate  plan  of  the  old 
mine  and  of  the  new  mine,  showing  their  relation  one  to  the 
other.  The  method  of  so  producing  an  accurate  plan  is  not  a 
subject  for  this  book,  but  is  dealt  with  in  a  separate  treatise. 

It  frequently  happens,  however,  that  one  or  both  plans  are 
inaccurate  or  incomplete  (indeed,  it  seldom  happens  that  a 
colliery  plan,  either  of  a  modern  or  ancient  mine,  is  perfectly 
accurate),  and  the  miner,  through  this  cause  or  through  inad- 
vertence, may  cut  a  hole  into  the  old  workings,  and  gas  or  water 
may  issue  from  these  with  disastrous  consequences.  In  order  to 
prevent  such  an  accident,  the  following  precautions  are  taken  : — 

When  approaching  near  the  abandoned  mine,  the  old  shafts 
are  cleared  out,  and  the  water  pumped  out  of  the  abandoned 
mine.  Where  this  is  done  the  danger  of  a  serious  catastrophe  is 
very  slight.  It  has  happened,  however,  in  some  cases  that 
workings  not  shown  on  the  old  plan,  below  the  level  drained  by 
the  pumping-engine,  have  remained  full  of  water,  and  an  accident 
has  resulted.  Therefore,  in  addition  to  any  other  precautions,  it 
is  necessary,  and  required  by  law,  that  any  working  place 
supposed  to  be  approaching  old  hollows  should  not  be  more 
than  8  feet  wide,  and  should  be  protected  by  sufficient  front  and 
flank  bore-holes.  These  bore-holes  are  small  holes,  say  not 
exceeding  2  inches  in  diameter,  carried  in  advance  of  the  heading. 

Fig'  594  shows  a  heading  (6  feet  wide)  with  front  and  flank 
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bore-holes.  The  front  bore-holes  are  usually  kept  from  10  to  20 
yards  in  advance  of  the  heading,  and  this  is  easily  done  if  the  bore- 
hole can  be  kept  parallel  to  the  inclination  and  direction  of  the 
heading,  because  as  each  yard  of  heading  is  cut  it  is  only  necessary 
to  advance  the  bore-hole  in  front  an  equal  distance.  The  flank 
bore-holes  should  be  started  from  the  face  of  the  heading,  and 
put  in  a  distance  of  9  feet  at  an  angle  of  say  26^°  from  the 
direction  of  the  heading,  which  is  equal  to  a  divergence  of  1  foot 
for  every  2  feet  in  the  line  of  heading.  After  the  heading  has 
been  advanced  6  feet,  the  first  bore-hole  must  be  deepened  to  a 
total  length  of  18  feet,  or  even  up  to  30  feet,  measuring  from  the 
origin  at  the  face  of  the  heading.  A  flank  hole  in  each  side 
must  be  started  every  6  feet ;  each  flank  hole  should  start  1  foot 
6  inches  from  the  centre  of  the  heading,  as  shown  in  the  figure. 
The  length  of  the  bore-holes  must  be  regulated  by  the  nature  of 


Fig.  594.— Plan  of  heading  approaching  old  hollows,  showing  bore-holes. 

the  ground  and  the  pressure  of  water  expected,  and  the  promixity 
of  the  flank  bore-holes  by  the  size  of  the  headings  in  the  old 
workings.  Sometimes  these  are  narrow,  and  the  bore-holes  may 
miss  them  unless  they  are  close  together.  Where  very  great 
pressures  of  water  are  expected,  the  bore-holes  should  be  put  in 
much  longer  than  in  the  above  example. 

The  writer  has  found  great  advantage  in  substituting  for  solid 
iron  boring-rods  hollow  rods  of  steam-pipe ;  these  are  much 
lighter  and  stiffer.  The  part  of  the  rod  outside  the  hole  is  carried 
on  a  roller;  a  cross-head  is  fixed  to  the  end  of  the  rod,  and 
several  workmen  operate  it. 

The  work  of  boring  is  tedious  and  expensive  with  men  who 
are  unpractised,  but  after  a  few  weeks'  practice  it  becomes 
comparatively  rapid  and  cheap.  Where  the  seam  is  very  thick, 
it  is  necessary  to  have  several  holes,  one  above  the  other,  both  in 
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front  and  in  flank ;  because  the  old  workings  may  be  in  a  higher 
or  lower  portion  of  the  seam,  which  must  be  treated  as  divided 
into  separate  beds  each  about  five  feet  thick,  and  borings  must  be 
made  in  each  bed.  If  these  precautions  are  not  merely  ordered, 
but  carried  out,  the  chances  of  driving  into  old  workings  unex- 
pectedly are  reduced  to  a  minimum. 

Plugs  should  also  be  at  hand  in  the  heading,  with  which  to 
stop  up  the  bore-hole  in  case  gas  or  water  should  issue  into  the 
working  place ;  and  the  workmen,  as  well  as  the  officials,  must 
examine  every  symptom  of  increase  of  water  or  issuing  gas,  so 
that  they  may  not  be  taken  unawares.  The  pressure  of  water 
may  sometimes  burst  away  a  considerable  thickness  of  coal,  and 
so  cause  a  deluge. 

Blowers  of  Coal. — Some  mines  are  subject  to  outbursts  of 
coal  and  gas.  These  are  very  dangerous,  because  the  miners  are 
liable  to  be  smothered  by  the  coal.  These  outbursts  of  coal 
come  from  the  face  of  the  bank  or  heading,  and  a  portion  of  the 
seam  is  blown  out  from  the  face,  perhaps  as  much  as  20  tons  being 
suddenly  ejected  from  the  face  of  the  coal,  chiefly  in  the  form  of 
dust,  but  sometimes  there  are  small  pieces.  The  issue  of  dust 
is  generally  accompanied  by  an  issue  of  fire-damp.  An  interest- 
ing account  of  the  outbursts  at  the  Broad  Oak  Colliery,  near 
Ashton-under-Lyne,  has  been  given  by  Mr.  Joseph  Dickinson,. 
F.G.S.,  and  published  in  the  Proceedings  of  the  Manchester  Geo- 
logical Society,  part  8,  vol.  22,  1893.  At  this  colliery  the  section 
was  as  follows  :  Inferior  coal  and  dirt,  6  inches  ;  impure  soft  coal 
and  sulphur  combinations,  1  foot  6  inches ;  hard  coal,  1  foot  10 
inches.  The  holing  is  done  in  the  soft  coal,  and  the  blowers 
that  take  place  are  blowers  of  soft  coal  only.  The  coal  seems  to 
burst  or  leap  out — a  kind  of  spontaneous  and  instantaneous 
holing  or  curving — sometimes  to  a  depth  of  nearly  8  yards  from 
the  face,  and  to  a  width  of  nearly  8  yards.  The  cavity  thus 
spontaneously  holed  is  irregular,  often  wider  at  the  back  than  at 
the  face.  These  outbursts  are  generally  preceded  by  cracking, 
and  accompanied  by  a  rumbling  noise,  as  of  thunder  or  steam 
blowing  from  a  boiler.  Outbursts  of  a  similar  kind  have  occurred 
in  the  Black  Vein  in  South  Wales,  and  in  Belgium. 

Opinions  differ  as  to  the  cause.  The  more  probable  explana- 
tion, however,  seems  to  be  that,  owing  to  the  depth  of  the  mine 
and  the  softness  of  the  seam,  it  is  crushed  so  as  to  lose  its 
natural  form  and  cohesive  nature,  and  that  it  is  then  projected  by 
the  expansion  of  the  gas  in  the  coal.  There  are  difficulties  in 
accounting  for  the  ejection  of  the  coal  by  the  gas,  because  in 
some  cases  the  blowers  have  occurred  where  previous  workings 
would,  in  ordinary  course,  have  drained  away  most  of  the  gas,. 
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and  numerous  bore-holes  made  in  the  working  places  have  failed 
to  let  off  the  gas  so  as  to  prevent  the  blowers.  It  may,  however, 
be  assumed  that  the  coal  is  different  in  its  nature  in  some  parts 
of  the  mine,  and  that  in  the  places  where  the  blowers  occur  it  is 
rather  softer  than  elsewhere ;  so  that  a  very  small  pressure  of  gas, 
insufficient  to  break  down  even  a  very  thin  rib  of  strong  coal,  is 
still  sufficient  to  clear  out  what  is  simply  a  heap  of  coal-dust  in 
a  cavity  protected  by  the  harder  coal  above  and  below  and  all 
around. 

Blowers  of  Gas. — Precautions  have  to  be  taken,  not  only 
against  the  everyday  dangers  of  the  mine,  but  against  unusual 
accidents,  such  as  the  issue  of  large  blowers  of  gas,  against  which 
any  amount  of  ventilation  is  useless.  Should  such  blowers  occur, 
the  only  safety  lies  in  the  absence  of  any  exposed  light,  a  defective 
safety-lamp,  or  a  furnace. 

A  case  is  recorded  in  Belgium  of  fire-damp  issuing  from  the 
mine  so  strongly  that  it  fired  at  a  light  in"  the  winding-engine 
house  on  the  surface,  and  then  blazed  in  a  column  50  yards  high 
over  the  pit-top,  and  continued  to  blaze  for  hours,  the  pit  being 
so  full  of  gas  that  there  was  not  air  enough  in  the  shaft  for  a 
flame  or  explosion.  As  the  blower  of  gas  became  exhausted, 
the  mixture  of  air  caused  explosions  to  take  place  in  the  shaft, 
and  ultimately  in  the  mine  below.  Issues  of  gas  on  a  minor  scale 
have  frequently  occurred  in  the  coal-mines  of  this  country,  and 
in  fiery  districts  may  be  constantly  expected. 

Safety-lamps. — A  great  many  of  the  coal-mines  of  the 
country  are  worked  with  naked  lights,  such  as  candles  or  oil- 
lamps,  and  the  metal-mines  are  always  so  worked.  In  some 
places,  parts  of  the  mine  are  lighted  with  gas,  which  is  forced 
down  the  shaft  by  a  species  of  pump  or  by  falling  water.  The 
gas  is  only  used  for  lighting  the  porches  adjoining  the  pit-bottom. 
Electricity  is  now  being  substituted  for  gas  with  advantage. 
Safety-lamps  are  used  in  the  majority  of  coal-mines,  even  though 
gas  is  hardly  ever  seen,  and  then  only  in  small  quantities.  The 
reason  for  using  safety-lamps  in  these  cases  is  threefold.  One 
is  to  avoid  the  danger  in  case  of  a  blower ;  the  second  is  to  avoid 
the  small  accidents  which  are  likely  to  occur  from  the  workman 
lighting  with  his  candle  a  small  accumulation,  of  fire-damp,  the 
injury  from  which  will  very  likely  be  not  fatal,  but  cause  a  good 
deal  of  alarm,  or  because  such  a  small  explosion  of  fire-damp 
might  in  some  cases  cause  a  catastrophe  through  the  ignition 
of  coal-dust  •  the  third  is  that  the  use  of  naked  lights  has  some- 
times caused  fires  by  the  firing  of  brattice-cloth,  or  timber,  or 
other  inflammable  material,  due,  of  course,  to  the  gross  neglect 
of  some  person. 
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In  some  respects  it  is  a  pity  to  use  safety-lamps  where  it  is 
not  necessary,  because  they  give  such  a  poor  light  as  compared 
with  candles,  and  a  good  light  helps  the  workman  to  see  that 
his  place  is  secure  from  falls  of  roof  and  side.  It  also  greatly 
helps  his  labour,  and  therefore  gives  him  more  time  and  energy 
to  spare  for  the  due  timbering  of  his  place.  It  also  saves  him 
from  injury  to  the  eye  resulting  from  the  use  of  insufficient  light. 
Dr.  Court,  of  Staveley,  has  shown  that  a  large  percentage  of 
miners  using  safety-lamps  are  subject  to  a  disease  of  the  eye 
called  miner's  nystagmus.1  The  remedy  is  to  obtain  a  portable 
safety-lamp  that  shall  give  as  good  a  light  as  a  candle;  this, 
however,  has  yet  to  be  invented.  In  the  mean  time,  it  may  be 
said  that  two  or  three  good  lamps  would  be  much  better  than 
one,  and  as  the  extra  expense  would  be  trifling,  there  is  no 
doubt  that  the  coal-cutter  might  have  a  much  better  light  than  is 
usual  if  he  strenuously  desired  to  protect  his  eyesight  from  injury. 

Duplicate  Roads. — There  should  also  be  two  roads — shafts 
or  other  passages  available  for  every  workman — so  that  in  case 
one  way  is  stopped  by  some  accident,  he  has  another  road  for 
escape.  This  is  applicable  to  every  mine,  metalliferous  as  well 
as  coal. 

Shaft-sides. — The  sides  of  the  shafts  must  be  carefully 
examined  to  see  that  the  walling,  timbering,  or  bare  rock  is  sound, 
and  all  machinery  in  good  order.  Indeed,  it  is  essential  that 
every  part  of  the  mine,  above  ground  and  under  ground,  where 
the  workmen  go,  and  every  part  of  the  machinery,  should  be 
examined  at  least  once  a  day.  Full  instructions  for  this  and  for 
the  reports,  consequent  on  the  examination,  are  contained  in  the 
Mines  Regulations  Act,  and  the  special  rules.  The  reader  is 
cautioned  against  the  abstracts  of  the  Act,  published  by  the 
authority  of  the  Government,  and  posted  up  at  the  mines,  because 
these  abstracts  are,  in  some  important  respects,  misleading,  and 
not  in  accordance  with  the  Act  itself;  and  it  is  the  Act,  and  not 
the  abstract,  that  the  courts  of  law  enforce. 

Discipline. — It  is  essential  to  the  safety  of  a  mine  that  there 
should  be  efficient  discipline.  It  is  useless  for  the  manager  to 
give  orders  unless  they  are  carried  out.     As  a  rule,  the  workmen 

1  Mr.  Simeon  Snell,  ophthalmic  surgeon  to  the  Sheffield  General  Infirmary, 
has  published  an  interesting  book  showing  that  nystagmus  is  found  amongst 
miners  working  with  candles,  and  is  of  opinion,  in  which  he  appears  to  be 
supported  by  medical  men  on  the  continent,  that  this  disease  is  due  to  the 
position  in  which  miners  have  to  work,  and  that  it  is  not  caused  by  the  use 
of  safety-lamps.  After  carefully  reading  this  valuable  book  and  Dr.  Court's 
able  paper,  the  writer  is  of  opinion  that  the  balance  of  evidence  shows  a  much 
greater  prevalence  of  miner's  nystagmus  where  safety-lamps  are  used  than 
where  candles  are  used. 
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obey  directions  which  they  see  are  necessary  for  their  own  pro- 
tection, and  even  rules  the  need  for  which  they  do  not  under- 
stand, if  they  see  that  the  manager  is  in  earnest. 

It  is  more  important  that  punishment  for  breach  of  rules 
should  be  certain  than  that  it  should  be  severe ;  indeed,  severity 
is  seldom  necessary. 

Since,  in  a  large  mine,  it  is  impossible  for  the  manager  to  go 
over  it  every  day,  and  sometimes  the  manager  has  a  larger  extent 
of  mines  under  his  care  than  he  can  find  time  to  see  oftener  than 
once  a  month,  the  safety  of  the  mine  depends  on  the  deputy- 
managers — or  deputies,  as  they  are  called  for  short — who  visit  every 
place  two  or  three  times  during  the  twenty-four  hours.  These 
officers  should  have  a  complete  understanding  of  everything  that 
is  requisite  for  the  safety  of  the  mine,  and  a  responsibility  equal 
to  their  understanding  for  the  preservation  of  the  lives  of  the 
workmen.  Where  that  is  done  accidents  are  rare,  and  great 
accidents  never  happen  except  where  some  important  truth  has 
not  been  fully  realized ;  as,  for  instance,  the  fact  that  coal-dust 
is  an  explosive  agent,  and  the  chief  agent  in  destructive  colliery 
explosions.  Before  this  had  been,  as  it  is  now,  definitely 
established,  no  one  could  be  blamed  for  ignorance  of  a  fact 
apparently  so  contrary  to  daily  experience ;  but  now,  when  it  is 
known,  that  knowledge  will  probably  tend  in  the  future,  as  it  has 
already  tended  in  the  past  six  years  in  a  very  marked  degree,  to. 
diminish  the  risk  of  colliery  explosions. 

Every  coal-mine,  according  to  the  Act  of  1887,  is  under  the 
daily  care  and  supervision  of  a  manager,  and  every  mine,  where 
more  than  thirty  men  and  boys  are  engaged  underground,  must 
be  under  the  care  of  a  manager  holding  a  first-class  certificate. 
If  from  any  cause  the  manager  is  absent  from  the  mine,  another 
manager  must  take  his  place.  This  manager  may  have  a  second- 
class  certificate,  and  is  called  in  the  Act  the  under-manager. 

At  large  collieries  it  is  now  the  practice  to  have  a  manager 
and  under-manager,  one  of  whom  is  at  the  works  every  day. 
These  managers  are  represented  in  every  district  of  the  mine  by 
deputies.  The  duties  of  the  manager  and  under-manager  are 
far  in  excess  of  anything  that  any  one  man  can  perform;  the 
result  is  that  nearly  the  whole  of  the  daily  routine  work  of  super- 
vision is  performed  by  the  deputies. 

Each  district  has  a  deputy,  and  there  is  a  separate  deputy 
fcr  each  shift,  so  that  a  mine  divided  into  four  districts  and 
working  three  shifts  would  have  at  least  twelve  deputies.  Every 
working  place  and  travelling-road  has  to  be  carefully  examined 
by  a  deputy,  and  a  written  report  made  of  the  examination  before 
the  workmen  enter  the  mine  or  the  district  of  the  mine. 
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There  are  sometimes  deputies  specially  appointed  to  look  after 
the  haulage — that  is  to  say,  to  supervise  the  hurriers,  drivers, 
engine-men,  and  others  engaged  in  the  conveyance  of  mineral 
underground ;  and  other  deputies  are  specially  responsible  for  the 
repairs  of  the  main  air-ways  and  renewals  of  timber  in  the  main 
roads.  There  is  also  a  head  or  senior  deputy  for  the  whole  mine, 
who  has  charge  in  the  absence  of  the  manager  and  deputy-manager 
from  the  pit,  and  a  senior  deputy  in  each  shift.  In  fact,  the 
organization  is  as  complete  as  that  of  a  well-officered  army,  and  in 
a  large  well-managed  colliery  all  the  work  should  go  on  correctly 
in  the  absence  of  the  manager  and  under-manager.  All  the 
machinery  and  engine-men  are  under  the  charge  of  a  mechanical 
engineer,  called  an  engine-wright ;  he  has  also  deputies  or 
assistants  to  take  his  place  in  his  absence.  Blacksmiths  and 
carpenters  are  at  the  works,  and  generally  a  bricklayer.  The 
horses  and  ponies  are  under  the  charge  of  a  horse-keeper  and  his 
assistants,  and  the  stores  are  under  the  charge  of  a  store-keeper 
and  his  assistants. 

The  safe  and  economical  working  of  a  colliery  depends  on 
having  a  capable  and  responsible  official,  always  ready  and 
always  present  in  every  district,  to  prevent  or  remedy  an 
accident. 

Safety-masks. — In  entering  a  mine  containing  noxious  gas, 
say  one  where  there  has  been  an  explosion  of  coal-dust,  it  is 
often  in  the  highest  degree  desirable  to  be  able  to  walk  through 
the  noxious  gas  as  a  diver  walks  through  water.  Suppose,  for 
instance,  as  happened  in  a  recent  case,  that  a  disastrous  explosion 
occurred,  killing  a  large  proportion  of  the  men  in  the  pit,  and 
breaking  down  some  of  the  stoppings  and  overcasts  by  which 
the  ventilation  was  guided.  Then  the  part  of  the  mine  beyond 
the  broken  stopping  and  overcast  would  be  unventilated,  and  the 
after-damp,  which  is  so  poisonous,  would  perhaps  remain  in  the 
place  where  it  was  formed ;  and  districts  of  the  mine  that  had 
escaped  the  explosion  might  retain  an  atmosphere  that  could  be 
breathed,  and  the  men  who  were  working  there  might  remain  safely 
until  a  roadway  was  made  for  their  release.  If,  now,  the  ventila- 
tion were  restored  whilst  the  men  were  in  the  mine,  the  after-damp 
would  be  blown  upon  them,  and  might  poison  them  before  they 
could  be  reached  by  the  rescue-party.  Also  the  explosion  might 
have  set  fire  to  some  timber  or  coal,  which  fire  would  be  partly 
extinguished  by  the  after-damp ;  but  if  fresh  air  were  introduced, 
the  fire  might  blaze  up. 

If  it  were  possible  to  walk  through  the  roads  full  of  after- 
damp, and  explore  the  mine  before  restoring  the  ventilation,  these 
dangers  might  be  to  some  extent  obviated.    With  this  object  in 
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view,  many  inventors  have  contrived  apparatus  to  enable  a  man 
to  walk  through  foul  air.  It  is  evident  that,  if  a  diver  can  walk 
along  the  bottom  of  the  sea,  he  might,  in  the  same  costume, 
walk  through  a  poisonous  atmosphere.  But  .the  costume  of  a 
diver  is  unsuited  for  crawling  about  a  mine,  and  the  long  pipe 
that  the  diver  has  attached  to  him,  and  by  which  he  is  supplied 
with  air,  is  also  unsuitable  for  dragging  through  roadways  of  a 
mine  immediately  after  an  explosion. 

Perhaps,  amongst  the  numerous  inventions,  the  most  convenient 
is  that  known  as  the  Fleuss  apparatus  (see  Fig.  595).  This 
__>„  consists  of  a  mask  for  the  mouth  and 
nose,  with  indiarubber  pads  tightly  pressed 
against  the  face,  so  that  the  wearer  of  this 
mask  cannot  breathe  in  any  air  except 
through  the  opening  provided.  Behind 
him,  on  his  shoulders,  he  carries  a  small 
pack,  which  contains  a  small  cylinder  of 
compressed  oxygen,  and  a  box  containing 
tow  and  caustic  stick-soda.  There  are 
two  small  pipes  connecting  the  mask  with 
this  pack ;  one  of  these-  pipes  conveys  the 
air  that  he  exhales,  or  breathes  out,  into 
the  pack.  There  is  a  valve  in  this  pipe 
fig.  595-— Fieuss  patent      which  only  opens   one  way,  so  that  the 

noxious  gas  apparatus.  J        J  ,  _       ■".  , 

wearer  can  only  exhale  through  it,  and  not 
inhale,  or  suck  in,  air  through  the  pipe ;  so  that  he  cannot  breathe 
over  and  over  again  the  air  that  he  has  exhaled  until  it  has  been 
into  the  pack.  The  other  pipe  conveys  revivified  air  from  the 
pack  to  the  mask.  This  pipe  also  has  a  valve  opening  only  one 
way,  so  that  air  can  be  sucked  from  the  pack  along  it,  and  not 
blown  back. 

The  exhaled  air  is  purified  by  passing  by  the  caustic  soda,  which 
absorbs  the  carbonic  acid  gas,  and  it  is  revivified  by  an  admixture 
of  oxygen  from  the  cylinder.  A  small  tap  in  the  cylinder  permits 
a  regulated  supply  to  escape  to  mix  with  the  air.  Thus  the  same 
nitrogen  is  continually  passing  in  and  out  of  the  lungs  of  the  man, 
but  a  fresh  supply  of  oxygen  is  taken  out  of  the  cylinder.  (The 
oxygen  is  stored  in  the  cylinder  at  a  pressure  of  40  atmospheres.) 
The  time  that  the  man  can  wear  this  mask  depends  on  the  supply 
of  oxygen  and  the  rate  at  which  he  uses  it.  It  is  generally  made 
so  that  the  supply  of  oxygen  may  last  for  more  than  one  hour. 
This  apparatus  has  been  practically  tested  upon  several  occasions, 
and  has  been  successful.  It  is,  however,  difficult  to  induce  a  man 
to  put  on  such  a  contrivance  to  which  he  is  unaccustomed,  when  he- 
has  to  crawl  and  scramble  with  difficulty  over  heaps  of  fallen  stone. 
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In  order  that  the  mines  may  have  light,  it  is  necessary  that  he 
should  have  a  lamp  also  that  will  burn  in  gas,  whether  carbonic 
acid  or  fire-damp. 

A  lamp  was  made  by  Mr.  Fleuss,  giving  a  brilliant  light,  and 
supplied  by  oxygen  from  a  cylinder.  It  is  entirely  independent 
of  the  atmosphere  of  the  mine,  the  products  of  combustion 
bubbling  out  through  water.  Whilst  this  lamp  gives  a  fine  light, 
it  requires  a  large  supply  of  oxygen,  and  it  is  probable  that  a 
portable  electric  lamp — a  species  of  safety-lamp  not  invented 
when  the  Fleuss  apparatus  was  first  brought  out— would  be 
better. 

It  is  seldom  that  the  use  of  this  apparatus  is  heard  of,  because 
every  colliery  manager  believes  that  there  will  never  be  an 
explosion  at  his  colliery,  and  deems  it  unnecessary  to  go  to  the 
expense  of  providing  an  apparatus  for  such  a  remote  contingency. 
It  is  probable  that  the  only  way  in  which  the  readiness  of  such 
an  apparatus  can  be  ensured,  would  be  by  a  law  enabling  the 
County  Council  to  provide  the  apparatus  at  suitable  stations  all 
over  the  mining  districts  of  the  country,  with  miners  trained  to  its 
use,  and  practised  from  time  to  time.  In  this  way  there  would  be 
sufficient  and  efficient  men,  and  sufficient  and  efficient  apparatus, 
always  ready  for  use — like  lifeboats  and  their  crews — in  any 
emergency,  if  the  circumstances  rendered  it  applicable. 

After  an  Explosion. — It  may  be  useful  to  give  a  few  sug- 
gestions as  to  the  method  usually  pursued  in  exploring  a  colliery 
after  a  disastrous  explosion.  Fortunately,  with  the  improvement 
of  safety-lamps,  with  the  understanding  of  the  dangers  of  coal- 
dust,  and  with  the  introduction  of  improved  explosives  and 
general  enlightenment  of  the  mining  community,  there  has  been 
of  late  years  a  great  reduction  in  the  number  of  disastrous 
explosions ;  especially  is  it  so  in  comparison  with  the  increased 
tonnage  of  coal,  and  therefore  many  colliery  managers  of  great 
practical  experience  have  had  few  or  no  opportunities  of  assisting 
in  the  exploration  of  a  mine  immediately  after  an  explosion. 

The  writer  has  had  some  little  experience,  having  assisted  in 
the  exploration  of  five  important  collieries  after  a  disastrous 
explosion,  and  therefore  makes  the  following  suggestions,  which 
are  founded,  not  simply  on  his  own  experience,  but  on  the 
practice  of  others  with  a  much  larger  experience. 

Assuming  that  the  colliery  manager  is  on  the  surface  when  the 
explosion  takes  place,  his  first  practical  step  is  to  get  the  winding- 
machinery  into  working  order,  and  to  clear  one  of  the  shafts,  so 
that  he  and  others  may  be  able  to  descend  and  ascend. 

If  the  mine  is  ventilated  with  a  furnace,  it  is  usual  to  extinguish 
this  at  the  first  opportunity. 
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An  immediate  search  is  made  about  the  pit-bottom  for  survivors 
of  the  explosion,  and,  if  there  are  any,  to  make  inquiries  from 
them  as  to  the  nature  of  the  accident. 

The  explorers  will  proceed  with  safety-lamps  cautiously,  on 
account  of  the  dangers  of  after-damp,  which  is  very  deadly,  and 
therefore  they  must  not  proceed  in  a  body  further  than  the 
ventilation  may  extend ;  but  the  advance  must  be  cautious,  one 
or  two  men  leading,  and  others  following  up  by  twos  some  yards 
behind,  to  render  assistance  if  necessary,  in  case  those  leading 
should  be  unexpectedly  overcome  by  poisonous  gas. 

The  return  air-roads  must  be  immediately  examined  for  smoke 
or  any  other  signs  of  fire  that  may  exist  in  the  mine,  as  well  as 
for  fire-damp  and  after-damp. 

If  the  stoppings  and  overcasts  are  blown  down,  it  will  be 
necessary  to  repair  these  temporarily  with  timber  and  cloth,  in 
order  to  clear  away  the  after-damp,  so  as  to  permit  of  an  explora- 
tion of  the  mine.  The  danger  to  be  apprehended  is  that  there 
may  be  a  fire  in  some  part  of  the  mine,  and  that  the  restoration 
of  the  ventilation  may  drive  some  accumulated  fire-damp  over  this 
fire,  and  thus  cause  another  explosion — a  catastrophe  which  has 
happened  more  than  once.  To  avoid  this,  the  ventilation  must 
be  restored  gradually,  the  explorers  going  forward  as  quickly  as 
possible  to  see  if  any  fire  exists  in  the  mine,  and,  if  the  after-damp 
permits  them,  in  advance  of  the  ventilation. 

The  amount  of  risk  that  may  be  taken  in  the  exploration  of 
the  mine  depends  upon  the  probability  of  finding  any  survivors. 
If  there  is  such  a  probability,  a  considerable  risk  is  sometimes 
rightly  incurred ;  if  there  is  not  such  a  probability,  it  is  not  right 
to  incur  much  risk.  No  men  should  be  allowed  in  the  mine 
except  those  absolutely  necessary  for  the  exploration  until  the 
mine  has  been  traversed  throughout,  and  it  has  been  established 
that  no  fire  exists.  When  that  has  been  done,  there  is  no 
reason  why  as  many  workmen  as  can  be  usefully  employed  should 
not  be  permitted  to  enter  the  mine.  There  must,  however,  be 
a  constant  look-out  maintained  in  the  return  air-roads  for  all 
signs  of  fire,  as  well  as  for  foul  air. 

When  the  stoppings,  doors,  and  overcasts  of  a  mine  have 
been  blown  down,  the  ventilating  currents  are  very  uncertain, 
and  are  subject. to  reversals,  and  after-damp  may  in  this  way  be 
suddenly  blown  upon  an  exploring  party  with  fatal  results.  It 
is,  therefore,  as  a  general  rule,  advisable  to  restore  the  ventilation 
as  quickly  as  possible.  If  there  are  no  falls  of  roof  blocking  the 
road,  this .  can  be  done  very  quickly  by  means  of  brattice  cloth 
and  timber.  It  usually  happens,  however,  that  there  are  falls 
of  roof  which  block  the  road  and  impede  the  work.     If  there 
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is  no  way  round  these  falls,  a  road  sufficiently  large  for  men  to 
pass  through  has  to  be  made  over  the  fallen  stones. 

For  the  purpose  of  exploration  in  foul  air,  the  Fleuss  appa- 
ratus, previously  mentioned,  has  been  found  useful  in  some  cases. 

Temporary  Ventilator. — In  case  the  mine  has  been  pre- 
viously ventilated  by  a  furnace,  or  in  case  the  mechanical  ventilator 
has  been  too  much  injured  for  use,  steam  is  sometimes  used  to 
produce  a  current  by  taking  it  down  the  upcast  shaft  in  a  pipe, 
turning  it  upwards  so  as  to  form  a  jet.  The  mistake  usually 
made  with  these  steam-pipes  is  in  not  taking  them  sufficiently 
far  down  the  shaft.  The  result  is  that  only  a  very  short  column 
of  hot  air  exists  at  the  top  of  the  shaft,  and  the  ventilation  pro- 
duced by  this  short  column  is  very  uncertain,  and  liable  to 
reversal,  which  is  a  source  of  great  danger.  If  the  steam-pipe 
were  let  down  the  shaft  for  a  hundred  yards  or  more,  there  would 
then  be  a  long  column  of  hot  air,  and  there  would  be  no  danger 
of  the  ventilation  being  reversed  by  a  change  of  wind  or  other 
cause. 

Dams. — In  the  chapter  on  "Sinking,"  the  tubbing  of  the 
shafts  is  described  as  a  means  of  keeping  the  shaft  dry  in  passing 
through  watery  strata.  It  sometimes  happens  that  a  horizontal 
shaft  or  gallery  passes  through  watery  strata,  and  that  it  is  necessary 
to  make  it  dry  in  a  similar  manner.  This  is 'sometimes  done  by 
lining  the  tunnel  with  brickwork  set  in  cement  in  the  form  of  a 
barrel  arch,  and  sometimes  with  cast-iron  tubbing  in  a  similar 
manner  to  that  adopted  in  vertical  shafts,  which  will  be  readily 
understood  without  further  description. 

In  other  cases  the  workings  of  a  mine  proceed  into  some 
district  where  a  good  deal  of  water  is  met  with,  say  by  infiltration 
from  some  river  or  lake,  or  bed  of  rock  communicating  with  the 
outcrop.  In  some  cases  where  the  mine  is  under  the  sea,  the 
vein  or  seam  of  coal  has  been  pursued  incaut  iously  until  it  nearly 
approached  the  bottom  of  the  sea,  which  has  caused  an  enormous 
influx  of  water.  In  many  of  these  cases  it  is  necessary  to  put  a 
dam  into  the  gallery  or  heading  leading  into  the  district  where 
the  water  is  met  with.  In  case  the  district  is  reached  by  one  or 
two  narrow  headings,  it  is  not  very  difficult  or  very  expensive  to 
put  in  these  dams.  One  method  of  doing  this  is  shown  in  Fig. 
596,  which  gives  a  plan  and  section  of  a  heading  with  a  dam  of 
brickwork.  In  this  country  bricks  and  cement  can  generally 
be  obtained  in  a  few  hours,  and  they  therefore  form  the  most 
convenient  mode  of  making  a  dam. 

A  nick,  the  width  of  the  intended  wall  or  dam,  is  cut  into  the 
sides  of  the  heading  for  a  distance  of  from  1  foot  6  inches  to  3  feet, 
according  to  the  nature  of  the  ground ;  if  in  coal,  say  3  feet. 
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The  nick  is  also  cut  up  into  the  roof  and  down  into  the  floor 
to  a  height  and  depth  of  from  18  inches  to  3  feet,  according  to  the 
hardness  and  firmness  of  the  strata.  A  wall  is  then  built  across 
the  heading,  filling  up  the  nicks.  If  the  pressure  is  not  great, 
the  wall  may  be  straight ;  but  if  there  is  a  high  pressure,  the 
wall  must  be  built  in  the  form  of  an  arch,  as   shown   in  the 
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Fig.  596.— Brick  dam. 

plan,  so  that  it  cannot  be  broken  except  by  the  crushing  of 
the  bricks  ;  the  convex  side  of  the  dam  being,  of  course, 
turned  to  meet  the  pressure.  Since,  of  course,  the  strength  of 
the  wall  can  be  no  more  than  that  of  its  component  parts,  it  is 
necessary  that  the  hardest  bricks  should  be  used.  The  wider  the 
arch,  the  more  important  it  is  to  have  hard  bricks.  The  cement 
must  also  be  of  the  best  quality,  and,  to  resist  a  high  pressure, 
should  be  used  without  admixture  of  sand.  The  bricks  must  be 
laid  in  separate  rings,  as  in  building  a  bridge,  and  between  each 
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ring  a  space  must  be  left  filled  in  with  pure  cement.  Where  the 
wall  fits  against  the  coal  or  stone,  pure  cement  must  be  poured 
in  to  fill  up  any  interstices,  and  to  run  into  the  cracks,  if  any,  in 
the  strata.  Each  ring  of  brickwork  must  be  built  up  to  the  top 
as  tightly  as  possible,  and  plastered  with  cement  at  its  junction 
with  the  natural  strata,  so  as  to  leave  no  opening  for  the  water 
to  pass  through.  In  a  wall  made  of  eight  or  nine  rings  of  bricks, 
these  separate  plasterings  should  be  sufficient  to  prevent  the  water 
permeating  over  the  top.  In  order  to  prevent  the  roof  from 
breaking  down,  or  the  floor  from  heaving  up  on  either  side  of  the 
dam,  a  brick  arch  may  be  put  in  for  a  length  of  4  feet  on  each 
side,  backed  with  concrete.  This  arch  may  be  put  in  after  the 
dam  has  been  built. 

As  it  is  necessary  for  workmen  to  work  at  the  back  of  the  dam 
during  its  construction,  a  man-hole  has  to  be  provided.  This  is 
generally  done  by  building  in  a  cast-iron  pipe,  say  18-inch  by 
14-inch  bore,  on  to  the  front  flange  of  which  a  cover  is  bolted. 

There  is  also  another  pipe  below  the  man-hole  to  take  the 
feeder  of  water.  This  lower  pipe  will,  therefore,  vary  from  say 
6  inches  up  to  12  inches  in  diameter.  This  pipe  will  be  closed 
by  a  cover  bolted  on.  A  pressure-gauge  may  be  fitted  on  to  this 
cover,  so  as  to  indicate  the  pressure  that  comes  against  the  dam. 

In  some  cases  the  dams  are  made  of  wood  in  the  following 
manner.  Wooden  blocks  are  cut  to  the  length  of  the  intended 
thickness  of  the  dam,  say  3  or  5  feet.  They  are  rectangular  in 
section,  and  tapered,  so  as  to  be  narrower  in  front  than  at  the  back, 
and  when  laid  side  by  side  form  an  arch.  The  ground  is  cut  out 
as  shown  in  the  figure  for  a  brick  dam.  The  bottom  is  carefully 
levelled,  and  the  wooden  blocks  laid  in  the  form  of  an  arch. 
Where  they  join  the  natural  strata,  wedging  is  put  in  to  make  a 
water-tight  joint.  The  wall  is  then  built  up,  layer  upon  layer,  and 
upon  the  top  of  the  last  layer  wedging  is  driven  in  to  make  a 
water-tight  joint.  A  man-hole  is  left,  and  closed  at  last  by  draw- 
ing into  the  hole  a  tapered  key-piece,  and  a  water-pipe  is  built  in 
as  in  the  case  of  a  brick  dam.  The  joints  of  the  pieces  of  wood 
may  be  caulked  at  the  back  and  front.  The  wood  should  be  put 
in  quite  dry ;  it  will  then  swell  when  it  becomes  wet,  and  make  a 
water-tight  joint.  Nothing  can  be  better  than  a  wooden  dam  if 
carefully  made. 

To  calculate  the  pressure  of  water  tending  to  crush  such  a 
dam  as  is  shown  in  Fig.  596,  the  following  rule  may  be  adopted  : 
Multiply  the  radius  of  the  outer  convex  ring  of  bricks  in  feel  by  the 
pressure  of  water  per  square  foot ;  the  product  is  the  total  pressure 
on  each  abutment  for  each  foot  in  height  of  dam. 

To  find  the  pressure  on  each  square  foot  of  abutment,  divide 
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the  total  pressure,  as  given  by  the  above  rule,  by  the  thickness  of 
the  dam  in  feet. 

Example. — Thus  in  Fig.  596,  the  radius  of  the  outer  ring  of 
bricks  is  10  feet  6  inches ;  the  depth  of  water  pressing  on  the  dam 
is  62  yards ;  this  equals  a  pressure  of  80  lbs.  per  square  inch,  or 
11,520  lbs.  per  square  foot.  Then,  applying  the  rule,  11,520  x 
io-5  =  pressure  in  pounds  on  each  abutment  for  each  foot  in  height 
of  dam.     The  dam  is  4  feet  thick,  therefore  the  pressure  on  each 

square  foot  of  the  abutment  of  the  dam  equals       >5  o  X  105  _ 

30,240  lbs. ;  or,  in  other  words,  the  pressure  of  the  water  is  13^ 
tons  per  square  foot  of  abutment. 
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CHAPTER  XXIV. 

miners'  tools  :  SHARPENING,  tempering,  etc. 

The  tools  used  by  miners  consist  for  the  most  part  of  the  pick, 
crowbar,  shovel,  riddle,  wedge  and  hammer,  drill,  rammers,  and 
scrapers.  The  pick  is  commonly  made  of  cast  steel,  and  some- 
times of  shear  steeL  When  made  of  shear  steel,  the  body  of  the 
pick  is  made  of  iron,  and  the  steel  welded  on ;  when  made  of 
cast  steel,  the  whole  is  cast  in  one  piece. 

The  shovel  is  generally  made  of  cast  steel,  but  iron  with  a 
steel  edge  is  sometimes  used. 

The  drill  is  commonly  made  of  cast  steel,  all  in  one  piece, 
and  sometimes  the  end  only  is  shear  steel  forged  on  to  an 
iron  bar. 

The  wedges  are  generally  made  of  iron,  sometimes  of  steel. 

The  hammers  are  often  made  of  cast  steel. 

A  pick-point  is  generally  sharpened  by  a  blacksmith,  but  miners 
are  frequently  able  to  sharpen  their  own  tools.  To  sharpen  a 
pick,  it  has  to  be  heated  sufficiently  for  forging ;  it  is  then  put  on 
the  anvil,  and  a  fine  point  given  to  it  by  careful  hammering.  This 
heating  and  slow  cooling  whilst  it  is  hammered  softens  the  steel, 
and  to  fit  it  for  use  it  must  be  hardened  again.  For  this  it  has 
to  be  raised  to  a  cherry  red  or  glowing  red,  and  then  suddenly 
dipped  into  cold  water  and  moved  about  in  the  water  so  as  to 
ensure  sufficient  cooling  for  a  period  of  from  3  to  5  seconds.  The 
effect  of  this  sudden  cooling  from  a  cherry  red  is  to  harden  the 
pick,  but  to  make  it  too  brittle.  The  end  of  the  pick  is  now  rubbed 
on  a  stone,  on  which  is  some  clean  fine  sand;  this  cleans  the 
pick.  The  effect  of  dipping  the  pick  in  the  water  forth  is  short 
time,  whilst  it  is  sufficient  to  harden  the  steel,  does  not  cool  it 
all  through,  and  the  heat  remaining  in  the  body  of  the  pick 
re-heats  the  point  By  watching  the  surface  of  the  steel  a  change 
of  colour  will  be  perceived ;  a  light  straw  colour  will  appear,  and 
shortly  after,  a  deep  blue.  The  pick  must  now  be  dipped  again 
in  cold  water,  where  it  may  remain  until  cold.  Sometimes  the  pick 
is  dipped  at  the  straw  colour,  which  is  a  higher  temperature  than 
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the  blue ;  the  higher  the  temperature  at  which  it  is  dipped  the 
harder  the  point.  If  the  heat  in  the  body  of  the  pick  is  not 
sufficient  to  raise  the  point  to  this  light  straw  colour  or  dark  blue, 
it  must  be  reheated  in  the  fire  a  very  little,  and  then,  as  it  cools 
down  to  first  the  straw  colour,  and  then  the  dark  blue,  it  must 
be  dipped  at  the  instant  the  colour  appears.  The  sharpening  of 
the  pick  has  thus  three  processes  :  first,  the  forging  of  the  point ; 
second,  the  rehardening  of  the  steel ;  third,  the  tempering  of  the 
steel.  The  process  of  tempering  is  necessary,  as  the  steel  would 
otherwise  be  too  brittle. 

Drills  are  sharpened,  first,  by  forging  to  the  right  shape  and 
to  give  an  edge;  this  edge,  however,  cannot  be  hammered 
sufficiently  sharp,  so  that  a  file  must  be  used  to  give  the  required 
edge ;  sometimes  a  grindstone  is  used.  The  point  is  then  heated 
to  a  glowing  red  and  dipped  in  cold  water  for  a  few  seconds  to 
harden  the  steel ;  the  edge  is  then  rubbed  on  sand  to  clean  it.  The 
smith  examines  for  the  colour,  and  dips  at  a  pale  straw  colour  to 
make  it  hard,  or  at  a  dark  blue,  which  makes  it  a  little  tougher. 
If,  after  the  first'  cooling,  there  is  not  sufficient  heat  in  the  drill 
for  these  colours  to  show  on  the  edge,  it  must  be  reheated  in  the 
fire.  When  the  drill  is  dipped  for  tempering,  it  may  remain  in 
the  water  till  cold.  The  exact  colour  at  which  steel  has  to  be 
dipped  varies  with  the  quality  of  the  steel,  and  also,  no  dbubt, 
with  the  nature  of  the  work,  but  a  little  practice  will  soon  show. 

In  twisted  drills  for  cutting  coal  or  stone,  the  cutting-edge  has 
to  receive  an  angle  suited  to  the  kind  of  material  in  which  it  is  to 
bore.  Thus,  supposing  the  steel  were  cut  across  at  right  angles 
to  the  length  of  the  drill,  it  would  have  no  cutting  edge,  and  would 
not  screw  into  the  mineral ;  if,  on  the  other  hand,  the  steel  is  cut 
to  the  edge  of  a  chisel  in  the  direction  of  the  length  of  the  drill, 
the  drill  could  not  be  turned  round,  and  the  edge  would  be  liable 
to  be  broken.  Therefore  the  corner  or  cutting  edge  of  the  steel 
must  be  at  an  angle  say  of  45°  with  the  direction  of  the  length 
of  the  drill ;  but  this  angle  has  to  be  altered  as  experience  shows 
for  each  mineral.  Thus  in  a  hard  coal  the  edge  of  the  cutter  might 
make  an  angle  of  50°  with  the  direction  of  the  length  of  the 
drill,  whereas  in  a  softer  coal  an  angle  of  400  might  be 
suitable.  This  edge  is  partly  forged  and  partly  filed ;  it  is  then 
hardened  and  tempered  in  the  same  way  as  if  it  were  a  pick. 

Miners'  picks  were  formerly  each  one  provided  with  a  wooden 
shaft,  which  was  fixed  in  the  pick  by  a  wedge.  It  is  now  a 
common  plan  to  cover  the  end  of  the  shaft  with  steel,  over  which 
the  eye  of  the  blade  can  be  dropped  from  the  handle-end  down- 
wards. The  steel-covered  pick-handle  being  slightly  tapered  and 
largest  at  the  bottom,  the  pick  blade  is  jammed  on.     In  some 
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cases  the  pick-blade  is  put  through  a  steel  slot  fixed  on  to  the  end 
of  the  shaft  and  fastened  by  a  wedge.  The  advantage  of  having 
the  blade  separate  from  the  shaft  is  that  the  miner  can  carry 
half  a  dozen  picks  in  his  pocket,  whereas  if  shafts  have  to  be 
carried  as  well,  several  picks  are  very  cumbersome. 

Formerly  it  was  customary  in  many  collieries,  as  well  as  in 
other  mines,  to  have  a  small  blacksmith's  shop  in  the  pit  for 
sharpening  tools.  Modern  practice,  however,  is  against  all  fires 
in  coal-mines,  and  the  sharpening-shops  are  generally  at  the 
surface.  In  cases  where  miners  sharpen  their  own  picks,  heating- 
furnaces  are  provided  with  a  number  of  small  openings  through  a 
brick  wall ;  the  miner  can  just  put  the  point  of  his  pick  through 
the  opening  into  the  furnace.  In  this  way  facility  is  given  for  a 
number  of  miners  to  sharpen  their  picks  at  the  same  time. 

Pick-shafts  may  be  made  from  ash;  American  hickory  is 
much  liked,  split  into  suitable  sizes.  They  are  often  shaped  by 
machinery,  on  lathes  of  suitable  construction. 
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APPENDIX. 

Rules  for  calculating  the  Size  of  Steam-engines,  ■with 
Examples. — The  following  rules  and  examples  are  not  intended  to 
guide  the  engineer  in  fixing  the  exact  size  of  an  engine  required  for 
the  specified  work,  but  merely  to  give  rough  approximations.  Almost 
any  rule  that  can  be  devised  will  be  incorrect  in  some  cases.  The 
examples  given  are  not  in  any  way  intended  as  recommendations,  but 
merely  to  show  the  student  how  to  work  out  a  calculation,  and,  when 
he  has  had  some  practice  in  this,  he  will  be  able  to  apply  his  know- 
ledge to  the  more  careful  and  accurate  working  out  of  the  dimensions 
of  any  machinery  which  he  may  have  to  design. 

Winding  Engines. — Two  Cylinders  coupled. — The  load  of  the 
tubs  and  coal,  cage,  chains  and  rope,  on  the  drum  in  tons  X  10  = 
breaking-strain  of  the  rope. 

Circumference  in  inches  of  the  rope  (best  plough  steel)  (p.  419) — 

'  breaking-strain  in  tons 

Make  diameter  of  drum  in  feet  =  07C2  _    . 

C  =  circumference  of  rope  in  inches. 

(Memo. — This  rule  is  not  founded  on  any  scientific  theory,  but 
merely  represents  good  practice.  If  plough-steel  ropes  are  used,  the 
diameter  of  drum,  as  calculated  by  this  rule,  is  less  than  general 
practice.) 

Size  of  Engine — 

a  =  area  of  one  cylinder  (of  the  two)  in  square  inches. 
d  —  diam.    „  „  „  in  inches. 

s  =  stroke  in  inches. 

Area  of  a  circle  =•  07854a?2 
Make  s  =  2d. 

Piston-travel  in  inches  for  one  revolution  =  2s  =  2  x  2d  =  qd 
The  unbalanced  load  of  coals] 
(and  rope  if  unbalanced)  on  the  >  x  circumference   of   drum  in  feet 
drum  in  pounds  ) 

=  foot-pounds  per  revolution  of  drum. 

Add  i  or  multiply  by  1 J  to  cover  friction  of  machinery. 

Then  07854a?2  x  steam  pressure  x  -^  =  foot-pounds  per  revolution 

,.    ,          07854*/*  x  steam  pressure  x  4 
of  engine  for  each  cylinder  = — 

Make  foot-pounds  per  revolution  of  engine  for  each  cylinder  equal 
foot-pounds  per  revolution  of  drum  x  ij.    Then  by  substitution — 
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-ni   x  iji>  xyi/v. 


Foot-pounds  per  revolution  of  drum  x  ij  x  12  _   ,3 
07854  x  steam  pressure  x  4 

The  stroke  =  2d 

Make  the  engine  on  the  other  side  of  the  drum  the  same  size. 

This  rule  makes  the  engine  powerful  enough  to  lift  double  the 
actual  load  with  twice  the  actual  friction.  The  margin  of  power  is 
required  for  acceleration  in  ordinary  working,  and  to  permit  of  dirt- 
tubs  or  other  heavy  weights  being  raised  at  a  slower  speed. 

Example. — Depth  of  shaft,  500  yards.  Average  effective  steam 
pressure  on  piston  =  45  lbs.  per  square  inch. 

Load  on  the  Rope — 

4  tubs  @  5  cwt.  =  1    ton 

4  loads  of  coal  @  10  cwt.  =2     „ 

Cage  and  chains,  say  =  i\    „ 

Rope  4  inches  circum.,  say  —  2     „ 


6£  tons 

Size  of  rope  of  best  plough  steel.    Factor  of  safety  =  10. 

6-s  tons  x  10  =  65  tons  breaking-strain 

By  the  rule  given  on  p.  419,  a  rope  of  best  plough  steel  has  a 
breaking-strain  =  4C2. 

65  tons  =  4C2 

.*.  a/  -j  =  C,  or  (say)  ^/i6  =  4  inches  =  circum.  rope. 

Weight  of  rope  by  rule,  p.  419  :  C2  =  pounds  per  fathom  ;  C2  =  16  ; 
500  yards  =  250  fathoms  ;  16  x  250  =  4000  lbs.,  or  say  2  tons. 

Diameter  of  drum  =  07C2  =  07  x  42  =  07  x  16  =  \V2  feet 

Working -diameter  of  drum  =  \\-2  feet  +  diameter  of  rope  =  11-31 
feet. 

The  tubs  and  cage  ascending  balance  those  descending. 
The  unbalanced  load  on  the  drum  = 

4  loads  of  coal  @  10  cwt.  =  2  tons 
500  yards  4-inch  rope       =  2  tons 


4  tons  =  8960  lbs. 

lbs.    Circum.  of  drum. 

8960  x  11-31  x  3-14  =  318169/6  foot-pounds  per  revolution  of  drum 
Add  J  =    79542-4  to  cover  friction  of  machinery 

397712-0  =  foot-pounds  per  revolution  of  engine 

_,       o-7854rf3  x  45  lbs.  x  4 

Then         ■" -^ 5  =  397712  foot-pounds 

.       397712  x  12      _   ,3  _  ,,_.„ 
' '  07854  x  45  x  4  ~  33759 
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V33759  =  32*32i  or!  allowing  for  sectional  area  of  piston-rod,  say 
30  square  inches,  d  =  (say)  33  inches 
Stroke  =  33  inches  x  2  =  66  inches  =  5  feet  6  inches 

Pair  of  engines,  each  33-inch  cylinder,  5  feet  6  inches  stroke,  ira- 
feet  drum. 

The  diameter  of  drum,as  calculated  by  the  rule  above  given,  is  less 
than  general  practice,  according  to  which  the  drum  would  be  about 
18  feet  in  diameter.  Adopting  this  larger  drum,  the  calculation  would 
be  as  follows  : — 

lbs.    Circum.  of  drum. 

8960  x  18  x  3-i4  =  506419-2  foot-pounds  per  revolution  of  drum 
Add  5  =  126604-8  to  cover  friction  of  machinery 


633024-0  =  foot-pounds  per  revolution  of  engine 
Then  — —^ ^- '- — —   =  633024  foot-pounds  per  revolution 

633024.  x  12  ,, 

.\  — ¥ — -  d3  =  53733 

07854  x  45  x  4 

V 53733  =  3773.  say  38-inch  cylinder 

Stroke  =  2d  =  38  inches  x  2  =  76  inches  =  6  feet  4  inches 

Make  the  engine  on  other  side  of  drum  same  size. 

500  yards  x  3  feet         , 
Revolutions  of  engine  per  journey  -J—  y8  feet  x  yi^    =  265. 

Pair  of  engines,  each  38  inches  diameter,  6  feet  4  inches  stroke,  18- 
feet  drum. 

Coupled  Winding  Engines —w  2- feet  drum,  rope  balanced. 

Ft.-lbs.  per  rev.  of  engine  for  each  cylinder,  unbalanced  rope  =  3977 1 2 

2 


„  „  for  both  cylinders  =  795424 

Deduct  foot-pounds  of  rope  4480  x  11-31  x  3-14  =  159084 

Foot-pounds  for  the  two  cylinders  of  balanced  engine  =  636340 

Foot-pounds  for  one  cylinder  =    3  3      =318170 

Then  by  rule— 

\_318170xj2_  =ds  =  27007 
07854  x  45  x  4 

j^/27007  =  30-03,  say  (allowing   for1    piston-rod) 
3 1 -inch  cylinders 
31  x  2  =  62  inches  =  5  feet  2  inches  stroke 

Pair  of  cylinders  31  inches  diameter,  5  feet  2  inches  stroke 

1  2  K 
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Coupled  Winding  Engines. — li-feet  drum,  rope  balanced. 
Ft.-lbs.  per  rev. foreach  cyl.unbalancedrope  =  633024 


,,  „  „    for  both  cy  Is.  =  1266048 

Deduct  ft.-lbs.  of  rope  4480  x  18  x  3-i4  =  253209 


Then  by  rule— 


1  o  1 2839  =  ft.-lbs.for  2  cyls. 

IOI283Q  ,  e     it        r 

—  =  506419  =  ft.-lbs.  foricyl. 


?o6^9  X  I2    -  42986 


07854  X  45X4 

^42986  =  35-03 


Stroke  =  35  x  2  =  70  inches  =  5  feet  10  inches. 
Two  cylinders  35  inches  diameter,  5  feet  10  inches  stroke. 

Main  and  Tail  Rope  Hauling  Engine. — To  design  an  engine 
to  haul  a  given  tonnage  per  hour  up  a  plane  of  given  length  and 
gradient  at  a  given  speed  with  a  given  steam  pressure  at  engine.  If 
the  weight  of  each  tub  and  its  capacity  are  not  given,  the  student 
must  assume  these  himself. 

If  the  gradient  varies,  the  steepest  gradient  must  be  taken. 

.     Length  of  plane  in  feet      ..  1 

A. —, — =-£ : —  =  time  in  minutes  to  travel  one  way. 

speed  of  set  per  mm. 

B.  Time  to  travel  one  way  x  2  =  time  to  travel  in  and  out. 

C.  Time  in  and  out  +  an  allowance  for  changing  at  each  end 
=  total  time  per  journey. 

—. : 7^r=  number  of  journeys  per  hour  =  D 

total  time  per  journey  (C) 

Tonnage  required  per  hour  .  t, 

■=-= 1-? 3 c _—  =  tonnage  per  journey  =  E 

No.  of  journeys  per  hour  (D) 

Tonnage  per  journey  (E)x  20  =  number  of  mbs  Jn  the  get  =  F 
capacity  of  one  tub  in  cwts. 

1.  Gravity  due  to  set 

_  weight  of  tubs  and  coal \ 

denominator  of  fraction  representing  gradient  i]    (G) 

2.  Friction  of  set  I  Total 

. weight  of  tubs  and  coal \   l°ad 

denominator  of  fraction  representing  friction  (say  ^j)    °,n 

3.  Friction  of  ropes  =   weight  of  ropes rum 

denominator  of  friction  fraction  {fs)  J 
In  calculating  the  gravity  and  friction  due  to  the  rope,  assume  as 

nearly  as  possible  the  size  of  the  rope,  which  has  a  breaking-strain  of 

not  less  than  6  times  the  load. 

By  rule  on  p.  419,  C2  =  lbs.  weight  per  fathom  ; 

Then  alengthofplaneinfeetxC*  =  assumed  weight  of  rcpe  ;„  lbs_ 
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Actual  Size  of  Rope  required. — 

Total  load  on  drum  in  lbs.  .    c    .        c     r  i  /^\      u      ^  •        .     •       r 
X  factor  of  safety  (6)  =  breaking-strain  of 

224°  the  rope  in  tons 

If  it  is  decided  to  have  a  crucible  steel  rope,  by  rule  on  p.  419, 

3C2  =  breaking-strain  of  rope  in  tons. 


V 


breaking-strain  in  tons  =  ^  circumference  of  rope  required 

Size  of  Engine  required. — Assume  the  diameter  of  the  drum. 

a  =  area  of  cylinder  in  square  inches. 

d  =  diameter  of  cylinder  in  inches. 

j  =  stroke  in  inches. 
Make  J  =  2d. 
Piston-travel  in  inches  for  one  revolution  =  is  —  2  x  2d  —  \d. 

-     —  piston-travel  per  revolution  in  feet 

The  load  on  the  \     (  circumference  of  the  )<  foot-pounds  per  revo- 
drum  in  pounds  J     \         drum  in  feet        J     (       lution  of  drum 

To  this  add  50  per  cent.  (i.e.  multiply  by  1^)  for  contingencies,  such 
as  extra  friction  on  curves  and  rollers,  extra  weight  such  as  dirt, 
friction  of  engine  and  drums,  fall  in  steam  pressure,  etc. 

Single  Direct-acting  Engine. — 

„       ,     .  ,  ,  speed  of  rope  per  minute  feet 

Revolutions  of  drum  per  minute  =  -f ? — ~ — ~ir-, ; — = — 

circumference  of  drum  in  feet 

Foot-pounds  in  engine  per  revolution  =  07854a!2  x  steam  pressure 

x  —  =  foot-pounds  per  revolution  of  drum  +  50  per  cent. 

_  07854^  X  steam  pressure  X  4 

12 
foot-pounds  per  revolution  of  drum  x  1 1  X  12  _    „  ._   .  . 

07854  x  steam  pressure  x  4 
%J7p  =  diameter  of  cylinder  in  inches.     The  stroke  =  2d. 
Coupled  Direct-acting  Engine.— 

Foot-pounds  per  revolution  of  drum  x  \\  x  12  _    ,3 
07854  x  steam  pressure  x  4  x  2 

Single-geared  Engine. — 

Foot-pounds  per  revolution  of  drum  x  1^  x  12  _  ^3 
07854  x  steam  pressure  x  4  x  gearing 
Coupled-geared  Engine. — 

Foot-pounds  per  revolution  of  drum  x  1^  x  12  _^3 
07854  x  steam  pressure  x  2  x  4  x  gearing 

Examples.— Main  and  Tail  Rope  Hauling  Engine.— Tonnage 
per  hour,  60.  Length  of  plane,  2000  yards.  Steepest  gradient 
against  the  load,  1  in  10.  Weight  of  full  tub,  15  cwt.  Weight  of 
empty  tub,  5  cwt.    Average  effective  steam  pressure  on  the  piston 
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45  lbs.    Average  speed  of  set  =  6  miles  per  hour.     Time  taken  in 
changing  at  each  end,  say  £  minute. 

5  miles  x  1760  yards  x  3  feet  0   ,    A  „„„„j   „r  „„*  „„» 

-pr-!- — t-1 =  528  feet  average  speed  01  set  per 

60  minutes 

minute  =  periphery  speed  of  drum  per  minute 

2000  x  3  _         ,  minutes  time  to  travel  one  way  (A) 

528  J 

1 1-36  x  2  =  2272  minutes  time  to  travel  in  and  out  (B) 
2272  +  0-5  =  23-22,  say  24  minutes  total  time  taken  per  journey  (C) 

—  =  n\  journeys  per  hour  (D) 
24 

60  tons  =  24  tons  per  journey  (E) 

2i 
15  cwt  — 5  cwt.  =  10  cwt.  capacity  of  tub 

24  tons  x  20        „     ,     .     ,  ,„, 

— : =  48  tubs  m  the  set  (F) 

10  cwt. 

48  tubs  @  s  cwt.  =  12  tons 

tonnage  of  coal  =  24  tons 


36  tons  weight  of  tubs  and  coal 
2240  x  36  tons  =  80640  lbs. 

Gravity  of  set  =  —  =  8064 

Friction  of  set  =  — —  =  1613 
50  J 

Friction  of  main  and  tail  ropes  = =  1500 


1 1 177  lbs.,  total  load  on 

drum  (G) 

Friction  of  Ropes. — 

2000  yards  x  2  r  ..  r 
'- — — — -  =  2000  fathoms  of  rope 

Assume  a  3-inch  circumference  rope  =  9  lbs.  per  fathom 
2000  x  9  =  18000  lbs.  of  rope 

=  1 500  lbs.  friction  of  ropes 

12 

Actual  Size  of  Rope  required. — Factor  of  safety  =  6. 

G     _  11177 

= —  =  5  tons 

2240       2240        J 

5  x  6  =  30  tons  breaking-strain 

By  rule  on  p.  419,  a  crucible  steel  rope  has  a  breaking-strain  =  3C2. 
3C2  =  30 


c  =  V  ~  =  a/io  =  3'i6,  say  3^ 


inch  rope 
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Size  of  Single  Direct-acting  Engine. — Say  drum  =  6  feet  diameter, 
say  19  feet  circumference. 

11177  lbs.  x  19  feet  =  212363  foot-pounds  per  revolution  of  drum 
Add  50  per  cent.  =  106181  for  contingencies 

318544  foot-pounds  per  revolution  of  engine 
By  rule  given — 

318544  foot-pounds  x  12  _    3  _ 
07854  x  45  lbs.  x  4     -  *    ~  27°38 


^27038  =  30-02,  say  30  inches  diameter  of  cylinder 

stroke  =  30  inches  x  2  =  60  inches  =  s  feet 
528  feet  _  ,    .  , 

— — —  =  27-  8  revolutions  of  engine  or  drum  per  minute  (average), 
y  say  28 

Coupled  Direct-acting  Engines. — 

318544  foot-pounds  x  12  _    „  _ 
07854  x  45  lbs.  x  4  x  2  ~  I3519 

\/i35~i9  =  23-82,  say  24-inch  cylinder 
Stroke  =  24  inches  x  2  =  48  inches  =  4  feet 
Pair  of  engines  24  inches  diameter,  4  feet  stroke. 
Average  revolutions  of  engine  or  drum  per  minute  =  28. 

Single-geared  Engine. — 2  to  r. 

318544  foot-pounds  x  12  _    3  _ 
07854  x  45  lbs,  x  4  x  2  ~a   ~  J35i9 
^13519  =  23-82,  say  24-inch  cylinder 
Stroke  =  24  inches  x  2  =  48  inches  =  4  feet 
Average  revolutions  of  drum  per  minute  =  28 

„  „  engine        „         =  28  x  2  =  56 

Coupled-geared  Engine. — 2 \  to  1. 

318544  x  12 „  _ 

07854  x  45  lbs.  x  4  x  2  x  i\  54  ' 

^5407  =  17-55,  saY  18-inch  cylinders 
Stroke  =18  inches  x  2  =  36  inches  =  3  feet 
Average  revolutions  of  drum  per  minute  =  28 
„  „  engine        „  =  28  x  i\  =  70 

N.B. — This  is  an  unusually  high  speed  for  constant  work. 

Endless  Rope. — Refer  to  method  of  working  out  the  total  load  on 
the  engine  in  the  Main  and  Tail  system.  If  the  gradient  varies, 
take  the  average  gradient. 

Delivery  required  in  tons  per  hour  x  length  of  plane  in  feet 

speed  of  rope  per  hour  in  feet  ,      =  tons  0I 

r  r    r  coal  on  the  rope 

Tonnage  on  the  rope  x  20  ,         . .  „     ,  , 

^- — -? — .   ,   ■ —  =  number  of  full  tubs  on  the  rope 

capacity  of  1  tub  in  cwts.  r 
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There  will  also  be  the  same  number  of  empties  on  the  rope.    The 
tubs  and  rope  coming  outbye  balance  the'  tubs  and  rope  going  inbye. 

Gravity  of  coal  only,  on  the  rope  1 

Friction  oifull  tubs  and  e7nfities  (^)    {total  load  on  the  driving-wheel 

Friction  of  rope  {■$£)  J 

Length  of  rope  =  2  length  of  plane 

Assume  the  size  of  the  rope,  and  work  out  its  weight  as  in  the 
Main  and  Tail  system. 

Speed  of  rope  in  feet  per  minute  x  load  on  the  engine  in  lbs.  _  ,      , 
piston  speed  per  minute  ~ 

pressure  required  upon  the  piston 
Assume  the  piston  speed  at  250  feet  per  minute. 

Total  pressure  on  piston       ,  .     ,  ,     ,.    . 
st^am  pressure =  theoretical  area  of  cylinder 

Add  \  for  friction  of  machinery,  etc. 

Stroke  =  diameter  of  cylinder  x  2 

_       ,    .          .                  piston  speed 
Revolutions  of  engine  = — £ 

If  we  assume  size  of  driving-wheel,  then — 

Speed  of  rope  in  feet  per  minute 

Circumference  of  driving-wheel   =  revolutlons  W  ™nute 

0  ■•of  driving-wheel 

Revolutions  of  engine  per  minute 

2 ±- — , =  gearing 

revolutions  of  driving-wheel  per  minute 

If  a  two-cylindered  engine  is  required,  calculate  in  the  same  way 
as  is  given  above  for  Main  and  Tail. 

Examples. — Tonnage  per  hour  =  60.  Length  of  plane  =  2000 
yards.  Average  effective  steam  pressure  on  piston  =  45  lbs.  Average 
gradient  against  the  load  =  1  in  10.  Weight  of  full  tub  =  15  cwt. 
Weight  of  empty  tub  =  5  cwt.  Average  speed  of  rope,  i£  mile  per 
hour  =  2640  yards  per  hour. 
60  tons  x  2000  X  3  ,  .  ,  „ 
7~. — zrz =  45'5  tons  of  coal  on  the  rope  =  101920  lbs. 

45-5  tons  x  20  cwt.  r  ,,  .  ,  ,,  ., 

2^ =  91  full  tubs  on  the  rope.    Also  91  empties 

=  182  tubs  on  the  rope 

Tubs  and  rope  going  inbye  balance  tubs  and  rope  going  outbye. 

182  x  5  ,, 

182  tubs  @  5  cwt., =  45-5  tons  =  101920  lbs. 

101920 
Gravity  of  coal  =      1Q     =  10192-0 

—   .      •  ,      ,  IOIQ20  0 

Friction  of  tubs  =  — ~—  =  2038-4 
5° 

Friction  of  rope  =    4°°°    =  2000-0 

14230-4  total  load  on  the  driving-wheel.  (A) 
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Say  a  3j-inch  circumference  rope,  of  crucible  steel ;  this  weighs 
1 2  lhs.  per  fathom. 

2000  fathoms  x  12  =  24000  lbs, 
24000  „      ... 

— — -  =  2000  lbs.  friction 

Actual  Size  of  Rope  required. — Factor  of  safety  =  6. 

14230-4  (A)      , 

2240    ;  =  6"35tonS 

6*35  x  6  =  38' 10  tons  breaking-load 

By  rule  on  p.  419,  a  crucible  steel  rope  has  a  breaking-strain  s 
3C2. 

3C2  =  38-10 

.".  C  =  \/  - — -  =  VI27  =  3" 56  inches  circumference 

2640  yards  x  3  ,  .  ,     ,  „. 
—7 =  132  feet  per  minute  speed  of  rope.     Piston 

speed,  250  feet  per  minute 
132  x  14230  (A)  ,,         t  ,  .     , 
— — =  7513*4  lbs.  total  pressure  required  upon  the 

piston  (B) 
Single  Engine. — 

-      7, —  =  166-96,  theoretical  area  of  a  single  cylinder 

Add  50  per  cent,  for  contingencies,  such  as  extra  friction  on  curves 
and  rollers,  extra  weight  such  as  dirt,  friction  of  engine  and  driving- 
wheels,  fall  in  steam  pressure,  etc. 

1 66-96 
83-48 


250-44  =  area  of  cylinder 

\/    ■  °«      =  I'7'^'  say  I8-'ncri  cylinder 

Stroke  =  18  inches  x  2  =  36  inches  =  3  feet 

2  Co 

Revolutions  of  engine  =  — — =41-6 
3x2 

Say  driving-wheel  =  6  feet  diameter  =  i8'8  feet  circumference, 

132 
TfrR  =  7  rev°lutlons  Per  minute  of  driving-wheel 

Gearing  =  ^—  =  5  "94,  say  6  to  1 
Coupled  Engines. — 

*        =  125-22  square  inches  area  of  each  of  the  two  cylinders 

a  /  I2-T„2 2  =  12-62  inches  diameter,  say  13  inches 
/V  0-7854 
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Stroke  =  13  x  2  =  26  inches  =  2-17  feet 

—  =  57'6  revolutions  of  engine  per  minute 

Driving-wheel,  say,  6  feet  diameter. 

57*6 
Gearing  =u—  —  8  to  1 

(As  250  feet  of  piston  speed  is  not  fast  for  an  engine  of  first-class 
design  and  make,  the  proportions  may  be  altered  if  desired,  so  as  to 
give  smaller  engines  a  higher  gearing,  or  else  the  rope  may  be  driven 
at  a  greater  speed,  if  such  increased  speed  is  suitable  to  the  conditions 
of  haulage.) 

Pumps. — Double-acting. — Assume  pump  speed  at  100  feet  per 
minute. 

Gallons  per  minute  ,,  ,  ,.         ,  ,         , 

.  .    c : — -  =  gallons  delivered  per  foot  of  stroke 

pump  speed  in  feet  per  minute  .f  pump  is  dou£le  acting 

There  are  277^25  cubic  inches  of  water  in  a  gallon 

Gallons  per  foot  of  stroke  x  277^25  =  cubic  inches  of  water 

Cubic  inches  of  water  delivered  per  foot  stroke         ..     . 
— £ =  effective  area  of  ram 

2  in  square  inches 

Effective  area  of  ram  +  area  of  piston-rod  =  area  of  ram 

Gallons  per  minute  x  10  x  head  in  feet  =  foot-pounds  of  water  lifted 
per  minute 

If  the  engine  is  a  direct-acting  beam  or  bull  engine,  add  \  for  friction. 
„  „  vertical,  with  flywheel  „  -1  „ 

„  „  horizontal  „        ,,  -f  „ 

,,  ,,  geared  horizontal  „       „  if  „ 

Single  Direct-acting  Engine. — 

Foot-pounds  of  water  lifted  per  minute  +  allowance  for  friction 
piston  speed  (100)  x  steam  pressure 

=  area  of  steam  cylinder  in  square  inches 

Make  stroke  =  diameter  of  cylinder  x  2.  For  very  large  engines 
the  stroke  is  rather  less  than  double  the  diameter. 

Double  Direct-acting  E?igine,  with  two  double-acting  rams. — 

—  „    .  ,       ,  effective  area  of  ram  for  single  pump 

Effective  area  of  each  ram  =  2 — c — r 

2 

+  area  of  piston-rod 

Foot-pounds  of  water  lifted  per  minute  +  allowance  for  friction 

piston  speed  (ioo)  x  steam  pressure  x  2 

=  area  of  steam  cylinder 

Make  stroke  =  2d.  , 
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Single-geared  Engine. — Piston  speed  of  engine  =  250  feet.    Piston 

speed  of  pump  =  100  feet. 

■err    ..  r       ,  effective  area  of  single  ram 

Effective  area  of  each  ram  = ; — — 7 = 

number  of  rams 

Ft.-lbs.  of  water  lifted  per  min.  +  allowance  for  friction        „„    «■  .,._„_, 

-. z— ; —  area  01  steam 

piston  speed  (250)  x  steam  pressure  X  gearing  cylinder 

Make  stroke  =  id. 

Double-geared  Engine.— Piston  speed  of  engine  =  250  feet.    Piston 
speed  of  pump  =  100  feet. 

Effective  area  of  each  ram  =  effective  area  of  single  ram 

number  of  rams 
Foot-pounds  of  water  lifted  per  minute  +  allowance  for  friction 
piston  speed  x  steam  pressure  x  gearing  x  2 
=  area  of  each  steam  cylinder  in  square  inches 
Stroke  of  engine  =  id 

2C0 
Revolutions  of  engine  =  — r2— — 
stroke  x  2 

revolutions  of  engine 

„  „       pump   = -. 2 

gearing 

Examples  of  Pumps. — Double-acting. — Quantity  of  water  =  34200 

+  S  per  cent,  allowance  for  slip  =  36,000  gallons  per  hour,  to  be  forced 

to  a  height  (including  friction  of  water  in  pipes)  =  400  feet.     Effective 

steam  pressure  upon  the  piston  =  45  lbs.    Pump  speed  =  100  feet  per 

minute.    (N.B. — This  is  about  an  average  speed,  but  is  too  fast  for 

some  classes  of  engine.) 

36000      ,         ., 

=-2 —  =  600  gallons  per  minute 

—  =  6  gallons  per  foot  of  stroke 
100 

6  x  277-25  =  i663-5o  cubic  inches  of  water  delivered  per  foot  of  stroke 
— —  =  i38-62  square  inches,  effective  area  of  ram 

Effective  area  of  ram  +  area  of  piston-rod  =  area  of  ram  (double- 
acting) 

I38'62  +  18  =  i56-62  =  about  14  in.  diam.  (stroke  same  as  engine) 
600  galls,  x  10  x  400  ft.  =  2400000  ft.-lbs.  of  work  in  water  per  min. 

Single  Horizontal  Flywheel  Engine. — 

24.00000  +  1200000      3600000      0  .  r  t 

^^     ^     =  -2 =  800  square  inches,  area  of  steam 

100  x  45  100  x  45  cylinder 

"'n    =  3i'9  in.  diam.  stroke  =  3i'9  in.  x  2  =  63-8  in.  =  5  ft.  4  in. 
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Double  Horizontal  Flywheel  Engine;  with  two  double-acting  rams 

2iooooo  + 1 200000        3600000  .  .  ... 

4  -T- _  _j _  .Q0  area  0f £team  Cyiln(ier 

100  x  45  x  2      100  x  45  x  2 

4°°-  =  22-6  inches  diameter 
07854 


V; 
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22"6  inches  x  2  =  45-2  inches  =  say  3  feet  9  inches  stroke 
Two  cylinders  each  23  inches  diameter,  3  feet  9  inches  stroke 

Area  of  rams  =  — =  69-31  square  inches 

69-31+9  (area piston-red)  =  78-31,  area  of  each  ram 

/  7°  31  _  10  inches  diameter  (two  10-inch  rams,  each  double-acting; 
v    07854 

stroke  same  as  engine) 

Single-geared  Engine. — 3  to  1,  say.  Piston  speed  of  engine,  250. 
Piston  speed  of  pump,  100.  Foot-pounds  of  work  in  water  +  allow- 
ance for  friction  =  2400000  +  1600000  =  4000000. 

4000000  . 

Area  of  steam  cylinder  =         x  =  118-5  square  inches 

/     ttO.. 

\/  -    =  12-3  inches  diameter,  say  13  inches 

13  x  2  =  26  inches  stroke  =  2  feet  2  inches 
Diameter  of  ram  =  (138-62  +  18  =  156-62  area)  =  14  inches 

250 
Revolutions  of  engine  =  =  57'6 

Revolutions  of  ram-crank  =  12_  =  19-2 

Stroke  of  ram  = =  26  feet,  say  2  feet  8  inches 

19-2  x  2  '      J 

One  double-acting  ram,  14  inches  diameter,  2  feet  8  inches  stroke. 

Doublegeared  Engine. — 3  to  1  say,  with  two  rams. 

4000000 

250  x  45  lbs.  x  3  x  2  =  59'25  scluare  inches>  area  of  each  steam  cylinder 

/    59"25 
\/      _a      =  87  inches  diameter 
v     07854 

Stroke  =  87  x  2  =  17-4  =  1  foot  5 J  inches 

2  co 

Revolutions  of  engines  = =  86 

&  1-45  x  2 

Revolutions  of  ram-cranks  —  =  28-66 
3 

Stroke  of  rams  =    „,,   -—  =  1-74  =  1  foot  9  inches 

156-62 
Area  of  rams  =  — - —  =  78-31  square  inches  =  10  inches  diameter 

Say  two  cylinders,  9  inches  diameter,  18  inches  stroke. 

Two  rams,  each  10  inches  diameter,  and  each  double-acting,  with 
1  foot  9  inches  stroke. 

Single-acting  Engine. — Pump  speed,  100  feet  =  50  feet  effective 
one  way. 

2400000  foot-pounds  work  in  water  lifted  per  minute 
Add  one-fourth  =    600000  for  friction 


3000000  foot-pounds  of  work  in  engine  per  minute 
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3000000  .     ,  „     . 

lao  „  .-■  =  1333  square  inches,  effective  area  of  piston 
2  .*  45 

33  square  inches,  area  of  piston-rod 

1366  area  of  steam  cylinder 


V 


1366  .   ,_    J. 

■     o    -  =  4i'7>  say  42  inches  diameter 
Stroke  =  42  x  2  =  84  inches  =  7  feet 


Single-acting  Pump. — 

600  gallons  a  minute  ,,  , 

50  feet  effective  stroke  =  I2  gallonS  per  fo0t  of  Stroke 
12  x  277-25  =  3327  cubic  inches  of  water  per  foot  of  stroke 

— —  =  277-25  =  square  inches,  effective  area  of  ram 

Diameter  of  ram  is  i8'8,  say  19  inches,  and  the  stroke  7  feet. 

Pan  Engine. — 

Q  =  quantity  of  air  in  cubic  feet  per  minute. 

WG  =  water-gauge  in  inches. 

d  =  diameter  of  engine  cylinder  in  inches. 

Q  x  WG  x  5-2  =  foot-pounds  in  the  air  per  minute. 

Foot-pounds  in  the  air  per  minute 

revolutions  of  engine  per  minute  X  efficiency  (say  0-5  or  other  fraction) 

=  foot-pounds  required  in  the  engine  per  revolution 

Make  stroke  of  engine  =  iW 

Piston-travel  in  inches  one  revolution  of  engine  =  \\d  x  2  =  3d 

,            „      „                                 -xd     07854^  x  3  x  steam  pressure 
then  07854^  x  steam  pressure  x  J—  = — —^ — c 

=  foot-pounds  in  engine  per  revolution 
number  of  foot-pounds  as  found  above  per  revolution  x  12  _    ,3 
0-7854  x  3  x  steam  pressure 
The  stroke  =  i\  diameter  of  cylinder 

Example. — 

Q  =  quantity  of  air  in  cubic  feet  per  minute  =  1 00000 
WG  =  water-gauge  in  inches  =  3. 

d  =  diameter  of  engine  cylinder  in  inches. 
s  =  stroke  of  engine  in  inches, 
steam  pressure,  45  lbs. 
efficiency  of  fan,  say  50  per  cent,  or  0*5. 
revolutions  of  engine  per  minute  to  produce  the  required 
quantity  and  WG,  say  60. 
Q  x  WG  x  5-2  =  100000  x  3  x  5-2  =  1560000  foot-pounds  in  the  air 

1500000  _  -20oo  f00t-pounds  in  the  engine  per  revolution 

60  x  0-5 

Make  s  =  iU 

,  .    ,  1    ■        r       ■  ltd x  2      3d 

Piston-travel  in  feet  for  one  revolution  of  engine  =  -*-^ —  =  ^~ 

and  by  rule — 
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07854*?  x  45  lbs-  x  3  =  S200O  foot.pounds 

.-.       aS2000X" =  rf»  =  588S 

07854  X  45  lbs,  x  3 

ii/5885  =  i8'05,  say  18  inches  cylinder 

Stroke  =  18  inches  x  1  \  =  27  inches  =  2  feet  3  inches 

Single  engine,  18  inches  diameter,  2  feet  3  inches  stroke. 

Strength  of  Round.  Hemp  Hopes. — Factor  of  safety  =  10.  This 
high  factor  is  for  severe  regular  work ;  for  occasional  loads,  a  factor  of 
6  is  sufficient. 

C  =  circumference  in  inches. 
B  =  breaking-strain  in  tons. 
B  =  0-25  C2. 
W  =  0-25  C2. 

W  =  weight  per  fathom  in  pounds. 
b  =  safe  working-load  in  tons  (factor  of  safety  =  10). 

b  =  o-025C2 


C  = 


Vo^5        C~Vbc 


o'25  V    o  025 

Example. — Circumference  of  rope  =  4  inches  =  C. 

B  =  C25  x  42  =  4.     Breaking-load  is  4  tons. 
W  =  0-25  x  42  =  4.     Weight  is  4  lbs.  per  fathom. 
b  =  0*025  x  42  =  0*4     Working-load  is  0*4  ton  =  8  cwt. 

If  the  breaking-load  is  8  tons,  then  C  =  a  /  — —  =  ^32  =  5*65 ; 
the  circumference  of  rope  should  be  5§  inches. 

If  the  working-load  is  2  tons,  then  C  =  \J  Q.Q rr  =  ^/8o  =  8*94 ; 

the  circumference  of  the  rope  should  be  9  inches. 

Strength,  and.  Weight  of  Chains. — 

d  =  diameter  of  iron  in  sixteenths  of  an  inch. 
W  =  breaking-load  in  tons  (chains  first-class  quality). 
iv  =  safe  load  „  „  „ 

P  =  weight  of  chain  in  pounds  per  length  of  10  yards. 

a?2 
W  =  —         P  =  d* 
10 

d2 

For  occasional  loads,  w  =  -r- 

60 

For  regular  and  severe  use  (as  in  cage  chains),  w  =  ■^— 

d=  v'ioW,     d=  J  bow,     or  d=  */ioow 
Examples. — i-inch  chain,  d  =  16. 
w      162      256 
W=15  =-^=25-6tons 
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w  =  \r-  =  ?£-  =  4-26  tons  for  occasional  load 
60       60 

-u)  =  —  =-?l°  =  2-56  tons  for  regular  and  severe  use 
100      100  J 

£-inch  chain,  d  =  8. 
02       {** 
W  =  —  =  —  =  6-4  tons  breaking-load 
10      10         ^  ° 

w  =-A  —  say  1  ton  for  occasional  load 

■w  =  —2-  =  o"64  ton  for  regular  and  severe  use 
100  T 

For  an  occasional  load  of  2  tons,  d  =  ^6o  x  2  =  v  120  =  IC95, 
say  1 1  ;  diameter  of  iron  of  chain  =  $}  inch. 

For  a  regular  load  of  2  tons,  rf=  V100  x  2  =  V200  =  I4'I4>  or 
iron  of  chain  =  \£  inch. 

Weight  of  f  inch  ftf)  chain— 

P  =  d*  =  122  =  144 

A  10-yard  length  weighs  144  lbs. 
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Accidents,  475 
Air- compressors,  359 

crossings,  191 

,  horse-power  in  the,  2 1 1 

,  measurement  of,  211 

pipes,  185 

,  application  of,  187 

roads,  245,  248 

vessels,  452 

,  volume  of,  207 

,  weight  of,  199 

"Andra,"  161 
Anemometers,  211 

,  testing-machine  for,  212 

Ansell's  indicator,  254 
Anticlinal,  36,  41 
Archibald  pit-sinking,  136 
Arching,  144 

,  construction  of,  145 

,  strength  of,  145 

Arrault's  free-fall  cutter,  62 
Ashworth  lamp,  283 
Auxiliary  ventilation,  250 

Baird's  coal-cutter,  309 

Balance  jig,  335 

Barclay's  engine,  440 

Barytes,  27 

Beaumont  and  English  machine,  302 

Bell  pits,  150 

Biram's  anemometer,  211 

Black-damp,  252 

Blake's  crusher,  466 

Blasting,  86,  289 

,  arrangement  of  fuses,  90 

by  electricity,  89 

-,  compressed  air,  295 

,  drilling-tools,  87 

dynamite,  89 

,  nameless  explosives,  296 

fuses,  88 

,  high  and  low  tension,  90,  91 


Blasting,  lime  process,  295 

,  method  of,  88,  289 

Blowers  of  coal,  479 

of  gas,  480 

Bonnet  for  fan-shaft,  208 
"  Bord  "  and  "  end,"  157 
Bore-holes,  51 

,  finding  dip  by,  57 

Boring,  51 

,  American  rope,  63 

,  broken  rods,  70 

,  choice  of  method,  78 

cores,  75 

,  cost  of,  78 

,  diamond  drill,  73 

,  flat  rope,  67 

,  fracture  of  rods,  58 

,  free-fall  cutters,  59 

grapnels,  70 

,  hollow  rods,  69 

,  lantern  guide,  63 

,  lining  tubes,  71 

machine,  57 

,  methods  of,  51 

,  parachute,  71 

rods,    tools,   spring-pole,   etc., 

Si.  62 

,  speed  of,  57 

,  Swedish,  69 

,  widening  borers,  73 

Boulton  and  Watt  engine,  436 
Bower  and  Blackburn's  coal-cutter, 

310 
Bowlker  and  Watson's  fan,  222 
Brattice,  184,  187 
Brick  dams,  487 
Bricks,  117 
Briquettes,  465 
Bristol  Coal-field,  175 
Brunton's  heading-machine,  30 
Bucket  door-piece,  452 
Bucket-pump,  99 
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Buddie,  467 
Bull  engine,  440 

Cage  catches,  425 

,  double-decked,  421 

,  single-decked,  420 

,  steel,  421 

,  unloading,  426 

Callon,  wooden  tubbing,  129 

Calow's  safety-cage,  433 

Cam-gear,  397 

Canklow  pits,  pulsoraeters  at,  105 

Capell  fan,  223 

Carbonic  oxide,  253 

Carret  and  Marshall's  coal-cutter,  311 

Cast-iron  prop,  317 

Cataract,  438 

Cements,  146 

Centrifugal  ore-separator,  464 

Chain,  strength  and  weight,  508 

Cheshire,  pillar-and-stall,  158 

Chocks,  164 

Clanny  lamp,  276 

Classifier,  467 

Clausthal,  hydraulic  pump,  448 

,  shaft,  118 

Clay  Cross  Collieries,  267 
Cleavage  planes,  157,  182 
Clifford  lamp,  280 
Clinometer,  45 
Clowes'  lamp,  255,  285 
Coal,  16 

,  age  of  seams  of,  12 

,  blowers  of,  479 

,  breaking  down,  289 

cutting  machinery,  306 

,  formation  of,  7 

screening,  456 

• ,  spontaneous  combustion  of,  166 

washing,  460 

Coal-dust,  255 

,  dangers  of,  269 

,  remedies  for,  270 

Coal-field,  Derbyshire,  18 

Coal-washers,  460 

— —  ,  feldspar,  461 

,  Robinson's  462 

Cockermegs,  316 
Coefficient  of  friction,  239 
Coffering,  126 
Coke,  458 

ovens,  459 

Colorado,  metal-mining  in,  182 
Commutator,  373 
Compound  pump,  441 
Compressed  air,  359 


Compressed  air,  friction  in  bends,  370 

,  friction  in  pipes,  366 

locomotives,  349 

,  work  done,  363 

Concentrator,  469 
Conductors,  422 

,  method  of  fastening,  423 

,  steel  rail,  423 

,  wire,  423 

,  wooden,  422 

Construction  of  arching,  145 
Cooke's  ventilator,  215 
Copper,  mining,  177 

,  output  of,  27 

,  value  of,  27 

Core  grapnel,  56,  75 
Cornish  engine,  437 

sinking-pump,  103 

Cost  of  boring,  78 

of  sinking,  116 

of  quicksand  sinking,  135 

Counterbalancing,  397 

Cover  for  fan-shaft,  208 

Craig  and  Bidders'  lamp,  282 

Creep,  153 

Crosby  indicator,  208 

Cross -measure   drifts    and    arching, 

144 
Curve  arrangements,  340,  342 

Dams,  487 

Darlington  drill,  299 

Davis  and  Stokes'  commutator,  373 

Davy  lamp,  275 

,  tin-can,  279 

Denaby  winding-engine,  390 
Denudation,  11 
Derbyshire  Coal-field,  19 
Diamond  drill,  73 

boring-crown,  73 

Dickinson's  anemometer,  213 
Dip,  measurement  of,  46 

,  method  of  finding  greatest,  47 

Discipline,  481 

Dog  and  chain,  318, 

Doors,  189 

Double-beat  pump-valve,  443 

Drainage  of  gas  by  headings,  165 

Drawbars,  352 

Drills,  electric,  305 

,  hand  machines,  293,  295 

,  Harris's  Navigation,  114 

,  Ingersoll,  115 

,  machine,  113 

,  power,  299 

Drop-pits,  402 
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Dru's  free-fall  cutter,  60 

Drums,  winding,  diameter,  496,  497 

,  hauling,  diameter,  501 

Dumb  drift,  198 
faults,  31 

Earth,  composition  of  the,  3 

,  curvature  of  the,  2 

,  heat  of  the,  4 

,  shape  of  the,  I 

,  temperature  of  the,  194 

,  weight  of  the,  4 

Economy  of  fans,  227 
Electricarc  light,  286 

cables,  354,  372 

coal-cutters,  310,  313 

Immisch  dynamo,  37 1 

locomotives,  350 

motors,  354 

pump,  448 

safety-commutator,  373 

safety-lamps,  286 

transmission,  372,  375 

,  efficiency  of,  378 

units,  377 

Elemore  Colliery,  266 
Elliot's  wedge,  291 
Embleton,  stone  coffering,  127 
Endless  chain,  340 

,  driving-wheels,  341 

- — ,  steep,  343 

Endless  rope,  344  •'  [ 

attachments,  344 

clips,  345,  346 

clip-pulleys,  346 

tightening-wheel,  348 

Engines,  air-compressing,  359 

,  endless  rope,  380 

,  fuel  consumption,  452 

,  gas  and  oil,  381 

,  pumping,  435 

,  rules  for  calculating  size,  495 

,  sinking,  96 

,  winding,  386 

Equilibrium  valves,  393 
Eudiometry,  253 
Evan-Evans  lamp,  282 
Evan-Thomas  lamp,  279 
Expansion  valves,  396 
Exploration,  geological,  2; 
Explosion,  after  an,  485 

,  Clay  Cross,  267 

,  Elemore,  267 

,  Pen-y-Graig,  267 

,  West  Riding,  263 


Explosion,  West  Stanley,  265 

,  Whitehaven,  265 

Explosives,  113 

Fabian's  free-fall  cutters,  60 
faced  tubbing,  125 
Fans,  217 

,  construction,  224 

,  economy  of,  227 

,  pressure  produced  by,  224 

,  tests  of,  225 

Fanshaft,  cover  for,  208 
Fault  in  coal-measures,  20 
Ffestiniog  slate-mines,  181 
Fire-clay,  23 
Fire-damp,  251 
-a; — ,  caps,  284 

,  indicators,  254 

Firth's  coal-cutter,  307 

Flameless  explosives,  296 

Flat  rope,  399 

Fleuss  apparatus,  484 

Foot-brake,  400 

Forest  of  Dean  Coal-field,  83 

Formations,  age  of  geological,  n 

,  geological,  8 

j  order  of  British,  9 

Fossils,  14 

Fowler's  landing,  425 
Free-fall  cutters,  59 
Friction;  ctiemcient  of,  239 

of  air  in  pipes,  366 

Fuel  for  furnaces,  204 

Furnaces,  fuel  for,  204 

-1-*-,'  pressure  produced  by,  201,  203 

,  ventilation  by,  196 

,  volume  of  air,  207 

Fuses,  88 

Galloway  guides,  98 

,  on  gas-detecting,  284 

,  pneumatic  tank,  427 

Ganister,  23 

Gas,  blowers  of,  480 

Gases,  251 

,  mixing  of,  253 

Geological  exploration,  29 

Gillot  and  Copley's'coal-cutter,  308 

Gob  fires,  1 66 

Gold  vein,  20,  178 

Grafton  Jones  wedge,  292 

Griffith,  brick  and  dement  coffering,  127 

Guibal  fan,  218 

Guides,  422 

Gunpowder,  289,  290 
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Gwynne  fan,  222 
Gypsum,  24 

Harrison  coal-cutter,  310 
Harris's  Navigation,  winding-engine, 

Hasard  safety-cage,  432 
Haulage,  underground,  329 

, ,  application  of,  348 

— ,  drawbars,  352 

,  electric  motors,  354 

,  endless  chain,  340 

,  endless  rope,  344 

,  horse,  333 

.  horse-gin,  353 

.  jigs.  334 

,  locomotives,  349  9 

,  lubrication,  333 

,  points  and  crossings,  331 

,  pit-bottom  arrangements, 

355 

, ,  rails,  330 

,  single  rope,  338 

,  slope  carriage,  353 

.  tail  rope,  338 

,  waggons,  331 

,  engines,   rules    for    size, 

498-504 
Head-gears,  413 
Headings,  machine-driven,  148 

,  machinery,  299 

,  timbering  of,  319 

Heath  and  Frost's  compound,  296 
Hemp  rope,  strength  and  weight,  508 
Holing,  306  • 
Howat  deflector  lamp,  282 
Hurrying,  methods  of,  329,  333 
Hydraulic  mining,  182 

pumping  engines,  448 

transmission,  370 

•  wedging,  29 1 

Hydrogen  gas-detector,  255 

Tmmisch  dynamo,  371 
Inclined  air-roads,  248 
Indicators,  208 
Ingersoll  drill,  1 15 
Iron  ore,  25 

■ ,  chief  sources,  26 

,  dressing,  465 

haematite,  26 

,  size  of  deposits,  26 

,  thickness,  26 

Jack  roll,  363 


Jigs,  334 
Jobber,  318 
Jockey  and  fork,  338 

Kimberlev  diamond  -mines,  22 
Kind-Chaudron's  sinking,  138 
Kind's  free-fall  cutter,  59 

widening  borer,  73 

King's  safety-hook,  430 

Lamp-room,  286 
Landings,  424 

,  double,  425 

,  Fowler's  hydraulic,  425' 

Laufen-Frankfort  transmission,  374, 

376 
Lead  ore,  composition  of,  27 

,  dressing,  466 

,  occurrence,  27 

,  width  of  veins,  27 

Leeds  fan,  20 

Lens  Collieries  sinking,  136 

Light  given  by  lamps,  287 

Lime,  phosphate  of,  24 

Lining  bore-holes,  71 

Link  motion,  394 

Lisbet's  sinking,  137 

Lishman  and  Young's  locomotive,  349 

Liveing's  gas- detector,  254 

Llanbradach,  steam-pump,  106 

Locked  coil  rope,  420 

Locomotives,  349 

,  compressed  air,  349 

,  electric,  350 

Longwall,  160 

Colliery,  ventilation,  192 

,  face  in  steps,  175 

,  merits  of,  165 

,  number  of  gates,  162 

,  packing,  163 

,  ripping,  162 

,  width  of  stall,  161 

Lubrication,  333,  411 

Main  roads,  size  of  pillars,  159 
Mammoth  Vein,  Pennsylvania,  172 
Man-engine,  453 
Marsaut  lamp,  278 
Mather  and  Piatt's  borer,  67 
Maundrils  used  in  Belgium,  176 
Mechanical  ventilation,  207 
'Medium  fan,  223 
Metalliferous  mines,  177 
Metals,  occurrence  of,  25 
Methods  of  working,  149 
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Methods  of  working,  bell  pits,  150 

,  Bohemia,  176 

,  Bristol  Coal-field,  175 

,  Cheshire,  158 

,  copper-mine,  177 

,  gold-mine,  178 

,  hydraulic,  182 

,  longwall,  160 

,  metal-mines,  177 

,  North  Staffordshire,  159 

,  open  hole,  149 

,  Pennsylvania,  172 

,  pillar-and-stall,  151 

,  post-and-bank,  151 

,  salt-mine,  177 

■ ,  Silesia,  169 

,  slate-mine,  180 

,  South  Wales,  177 

,  Staffordshire,  168 

,  St.  Etienne,  171 

,  "stoop"  and  "room,"  151 

,  thin  seams,  173 

,  tin-mine,  177 

,  vertical  seams,  173 

.  Warwickshire,  174 

,  working  back,  156 

,  Yorkshire,  176 

Midland  Coal-field,  19 
Minerals,  occurrence  of,  14,  23 

,  stratified,  19 

,  treatment  of,  456 

,  value  of,  22 

,  vein,  21 

Moira,  spontaneous  combustion,  167 
Monkwearmouth  winding-engine,  386 
Morgan  lamp,  280 
Moss-box,  141 

Mount  Morgan  Gold-mine,  22 
Mueseler  lamp,  278 
Multiple  wedge,  Elliot's,  291 
Mushroom  valve,  443 

Natural  ventilation,  194 

Newcomen  engine,  435 

Nixon's  ventilator,  214 

North   Staffordshire,   pillar-and-stall, 

'59 
North  Wales  Gold-mine,  178 

slate-quarrying,  180 

Northwich  Salt-mine,  24,  179,  180 
Nystagmus,  481 

Oil  engines,  381 

shale,  24 

wells,  66 


Open  hole,  149 

Ore,  Blake's  crusher,  466 

buddle,  467 

classifier,  467 

concentrator,  469 

,  crushing-rolls,  469 

dressing,  471 

separator,  464 

stamps,  468 

,  treatment,  471 

Ormerod's  hook,  429 
Overcasts,  191 
Owen's  safety-cage,  432 

Parallel  motion,  387 
Pennsylvania,  Mammoth  Vein,  172 
Penrhyn  Slate-quarry,  180 
Pen-y-Graig  Colliery,  267 
Pick  machine,  307 
Pieler  lamp,  255,  285 
Pillar-and-stall,  151 

,  Cheshire,  158 

,  merits  of,  165 

,  North  Staffordshire,  159 

,  shape  of  stalls,  157 

,  size  of  pillars,  154 

,  South  Wales,  177 

,  strength  of  pillars,  152 

— — ,  width  of  stalls,  151 

,  working  of  the  pillars,  156 

Pit-bottom  arrangements,  355 
Pit-frames,  413 

,  height  of,  414 

,  lattice  girder,  414 

,  plate  girder,  414 

,  wood,  414 

Pneumatic  sinking,  132 

water-barrel,  427 

Poetsch's  sinking,  134 
Points  and  crossings,  331 
Porch,  pit-bottom,  144 
Power  of  winding-engines,  402 
Pressure,  ventilating,  201,  203,  224 
Props  and  bars,  314 
Protector  lock,  281 
Pulley,  cast-iron,  412 

,  size  of,  412 

,  wrought-iron,  41 2 

Pulsometer,  105 
Pumps,  435 

,  air-vessels,  452 

,  arrangement  in  shaft,  441 

,  bucket,  101,  444 

,  cataract,  438 

,  Cornish,  103 
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Pumps,  Davey,  444 

,  lifting-screws,  102 

,  pulsometer,  105 

,  ram,  444 

,  rules  for  size,  504-506 

,  sinking,  99 

,  spears,  100 

,  strength,  452 

,  suspended,  104 

,  underground,  io5,  446 

,  valves,  443 

,  water  delivered,  106 

,  wind-bores,  102 

,  Worthington  sinking,  105 

Pumping-engines,  435 

— — ,  Barclay's,  440 

,  Boulton  and  Watt,  436 

,  Bull,  440 

,  Cornish,  437  ; 

,  Davey,  444 

,  electric,  448 

,  horizontal  flywheel,  440 

, compound,  441,  446 

,  hydraulic,  448 

,  Newcomen,  435 

,  rope-driven,  45 1 

,  rules  for  size,  504-506 

,  Staveley,  444 

,  useful  effect,  451 

,  Worthington,  446 

Quicksand-sinking,  129 

by  piling,  129 

,  cost,  speed,  etc.,  135 

,  freezing,  134 

,  pneumatic,  132 

with  grabber,  130 

Rails,  330 

Rammell  fan,  221 

Ram  pump,  444 

Redruth,  working  tin  at,  178 

Regulator,  190 

Reumaux  steam  brake,  401 

Richards  indicator,  20S 

Rigg    and  Meiklejohn's  coal-cutter, 

309 
Rio  Tinto  drill,  299 
Ripping,  162 
River  deposits,  41 
Robinson's  anemometer,  213 

coal-washer,  462 

Rocks,  chasms,  21 

,  intrusive  igneous,  6 

,  metamorphic,  6 


Rocks,  stratified,  5 

,  volcanic  agency,  7 

Root's  ventilator,  216 
Rope-boring,  63 
Rope-driven  pumps,  45 1 

,  rollers,  354 

sockets,  414 

ways,  355 

Ropes,  417 

,  locked  coil,  420 

,  strength  of,  417,  508 

Rules,  cost  of  boring,  78 

,  dams,  489 

,  delivery  of  pumps,  106 

,  sinking,  109 

,  timber,  320 

,  tubbing,  123 

,  ventilation,  203 

,  wire  ropes,  419 

Safety-cage,  Calow,  433 

,  Hasard,  432 

,  Owen's,  433 

Safety-hooks,  King's,  430 

,  Ormerod's,  429 

,  Walker's,  431 

,  West's,  431 

Safety-lamps,  274,  480 

,  light  given  by,  287 

,  tests  of,  288 

,  uses  of,  284 

,  weights  of,  288 

Safety-masks,  483 
Safety  of  mine,  471 

,  old  workings,  477 

Salt,  24,  178 
Schiele  fan,  222 
Screens,  456 

,  travelling  belt",  458 

and  crushing  rolls,  466 

Screw  ventilator,  217 
Scroll  drum,  399 
Self-acting  incline,  334 
Shaft,  91 

,  bricking  curb,  92 

(bricking  scaffold,  93 

,  examination  of,  481 

,  indicators  in,  400 

,  iron  and  wood  lining,  1 18 

— — ,  lining,  91 

,  methods  of  deepening,  137 

pillar,  147 

,  rectangular,  108 

,  size  and  shape,  86 

,  temporary  lining,  108 
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Shaft,  walling,  92 

,  water-garlands,  97 

Shape  of  stalls,  157 

Shielded  lamps,  278 

Sicily,  sulphur-mines,  22 

Signals,  winding,  403 

Silesian  thick  coal,  169 

Single-rope  haulage,  338 

Sinking,  85 

,  blasting,  86 

,  bowks,  95 

,  bricks,  117 

,  Canklow,  105 

,  capstan,  93 

,  cost,  116 

,  dealing  with  water,  97 

,  drainage  bore-hole,  107 

,  engine,  95 

,  explosives,  113 

,  guides,  97 

,  Kind-Chaudron,  138 

,  Lisbet's,  137 

,  pit-top,  94 

,  pumps,  99 

,  quicksand,  129 

,  rules  for  safety,  109 

,  site  of  colliery,  85 

,  speed,  116 

,  steam-capstan,  94 

,  temporary  lining,  108 

,  ventilation  of  shafts,  1 1 1 

Size  of  pillars  and  stalls,  157 

Slates,  24,  180 

,  dressing,  472 

Slide-valve,  balanced,  392 

Slope  carriage,  353 

Sludgers,  55 

Smythe,  wooden  tubbing,  129 

Soldenhoff,  quicksand-freezing,  135 

South  Wales  pillar-and-stall,  177 

Spears,  100 

Splitting,  246 

Spontaneous  combustion,  166,  257 

,  method  of  dealing  with,  167 

,  Moira  Colliery,  167 

,  wax  walls,  166 

Spray  jets,  271 
Spring-pole,  53 
Staffordshire  thick  coal,  168 
Stamps,  468 

Stanley's  heading-machine,  302 
Steam-brake,  400 
Steel  props,  315 
Stephenson  lamp,  277 
St.  Etienne  thick  coal,  171 


Stone,  25 ' 

tubbing,  127 

"  Stoop  "  and  "  room,"  151 
Stopes,:  177 
Stoppings,  189. 
Strength  of  arching,  144  • 

bars,  320 

coal  pillars,  152- 

dams,  489  > 

iron  tubbing,  123 

props,  325 

pump' pipes,  452 

ropes,  417 

Struve  ventilator,  214 
Sulphuretted  hydrogen,  253 
Suspended  pump,  104 
Swedish  hand-boring,  69 
Sword,  100 

Tabor  indicator,  208 

Tail-rope  haulage,  338 

check  rails,  340 

rollers,  354 

Temperature  of  earth,  194 

Theory,  ventilation,  228 

Thick  coal,  working,  168 

Thin  coal,  working,  173 

Thorneburry  lamp,  283 

Thrupp's  formula,  367 

Timbering,  314 

,  drawing,  318 

,  strength,  320 

,  tests  of  timber,  322,  325 

Tin  ore,  27 

,  depth  of  mines,  27 

,  hade  of  veins,  27 

,  thickness  of  veins,  27 

Tools,  491  - 

,  sharpening,  49 1 

,  tempering,  491 

Trafalgar  Colliery  electric  pump,  372 
Transmission,  358 

,  compressed  air,  359 

,  electric,  371 

,  gas  and  oil  engines,  381 

,  hydraulic,  370 

rods,  378 

,  steam,  358 

,  wire-rope,  378 

Trench's  compound,  296 
Trepan,  Kind-Chaudron,  139 

,  Lippmann,  141 

Trigonometry,.  48 

Tubbing,^  18 

,  brick  and  cement,  126 
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Tubbing,  coffering  or,  126 

,  design  of,  123 

,  faced,  125 

,  rules  for  thickness,  124 

,  speed  of  fixing,  122 

,  stone,  127 

,  strength  of,  123 

,  tools  used  in,  121 

,  wall-box,  126 

,  wedging-curb,  120 

,  wooden,  127 

Tunnelling-machines,  301 

Undercutting,  306 
Underground  haulage,  329 

pumps,  446 

Useful  effect  of  pumps,  451 

Valves,  392,  443 
Veins,  discovery  of,  42 
Velocimeter,  209,  404 
Ventilation,  184 

,  air-pipes,  185 

,  air-roads,  245,  248 

,  anemometers,  211 

,  auxiliary,  250 

,  brattice,  184 

,  doors,  189 

,  fans,  217 

,  fan-shaft  covers,  208 

,  fire-lamp,  196 

,  furnace,  196 

,  horse-power  in  air,  211 

,  longwall  colliery,  192 

,  measurement  of  air,  211 

,  mechanical,  207 

,  natural,  194 

,  overcasts,  191 

,  pressure,  201,  203,  224 

,  rules  for,  218 

,  sinking  pit,  III 

,  splitting,  246 

,  stoppings,  189 

,  temporary,  487 

,  theory,  218 

,  waterfall,  194 

,  water-gauge,  201 

,  weight  of  air,  200 

,  wind-blower,  193 

Villepigue  perforator,  294 

Waddle  fan,  220 

Walker's  drilling-machine,  301 

safety-hook,  431 

shaft-lining,  108 


Wall-box,  126 

Warwickshire  coal  working,  174 

Washouts,  31 

Water  balance,  383 

cartridges,  296 

carts,  270 

garlands,  97 

gauge,  201 

underground,  258 

wheels,  383 

^—  winding,  427 

winding-tank,  427 

Waterfall,  194 
Wax  walls,  166 
Wedging,  291 

curb,  120 

Weight  of  air,  199 
West  Riding  Colliery,  263 
West's  safety-hook,  431 
West  Stanley  Colliery,  265 
Whitehaven  Colliery,  265 
Widening  bore-holes,  73 
Wind-blower,  193 
Wind-bores,  102 
Winding,  382 

cages,,  420 

cage  catches,  425 

conductors,  422 

landings,  424 

,  pit-frames,  413 

pulleys,  412 

rope  socket,  414 

,  safety-cages,  432 

,  safety-hooks,  429 

■ ■,  shaft  indicators,  400       « 

signals,  402 

steam-engines,  384 

■ ,  unloading  cage,  426 

water,  426 

,  water-balance,  383 

,  water-wheel,  383 

,  windlass,  382 

,  wire  ropes,  417 

Winding-engines,  384 

,  Boulton  and  Watt,  385 

,  brakes,  400 

,  cam  gear,  397 

,  counterbalancing,  397 

,  fiat  rope,  388 

,  Harris's  Navigation,  390 

,  link  motion,  394 

,  Monkwearmouth,  386 

,  parallel  motion,  387 

,  power  of,  402 

,  shaft  indicators,  400 
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Winding-engines,  valves,  392,  400 

,  weights,  dimensions,  etc.,  391 

,  rules  for  size,  495-498 

Windlass,  382 
Winning,  80 

,  inclined  seams,  80,  81 

,  level  seams,  80 

,  metal  veins,  83 

,  steep  seams,  82 

Winstanley's  coal-cutter,  309 

Winzes,  177 

Wire  ropes,  417 

,  transmission  by,  378 


Wolff's  lamp,  280 

grapnel,  70 

Wooden  tubbing,  127 
Working  barrel,  100 
Workings,  approaching  old,  477 
Worthington's  sinking-pump,  105 
double-acting  pump,  446 

Ynishir  Colliery,  271 
Yoch  coal-cutter,  311 
Yorkshire  long  wall,  175 

Zinc,  27 
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CHEMISTRY. 

ADDYMAN— Agricultural  Analysis.  A  Manual  of  Quantitative 
Analysis  for  Students  of  Agriculture.  By  Frank  T.  Addyman,  B.Sc. 
(Lond.),  F.I.C.     With  49  Illustrations.     Crown  8vo.     5s.  net. 

ARMSTRONG— Organic  Chemistry  :  the  Chemistry  of  Carbon 
and  its  Compounds.  By  H.  E.  Armstrong,  Ph.D.  With  8  Woodcuts. 
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COLEMAN  &  ADDYMAN— Practical  Agricultural 
Chemistry.  For  Elementary  Students,  adapted  for  use  in  Agri- 
cultural Classes  and  Colleges.  By  J.  Bernard  Coleman,  AKCSe., 
F.I.C.,  and  Frank  T.  Addyman,  B.Sc.  (Lond.)  F.I.C.  With  24 
Illustrations.     Crown  8vo.     Is.  6d,  net. 

CROOKBS— Select  Methods  in  Chemical  Analysis,  chiefly 
Inorganic.  By  William  Crookes,  F.R.S.,  &c.  With  37  Woodcuts. 
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EARL— The  Elements  of  Laboratory  Work:  a  Course  of  Natural 
Science.  By  A.  G.  Earl,  M.A.,  F.C.S.,  late  Scholar  of  Christ's 
College,  Cambridge.  With  57  Diagrams  and  numerous  Exercises  and 
'  Questions.     Crown  8vo.     4s.  6d. 

FURNEAUX — Elementary  Chemistry,  Inorganic  and  Or- 
ganic. By  W.  Furneatjx,  F.R.C.S.,  Lecturer  on  Chemistry,  London 
School  Board.  With  65  Illustrations  and  155  Experiments.  Crown 
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HALL— First  Exercises  in  Practical  Chemistry.  By  A.  D. 
Hall,  M.A.,  Senior  Science  Master  at  King  Edward's  School,  Bir- 
mingham.    Crown  8vo.     Is.  6rf. 
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Bishop  Tingle,  Ph.D.,  Assistant  in  the  Laboratory  of  the  Heriot 
Watt  College,  Edinburgh.     Crown  8vo.     6s.  6d. 

JAGO— Works  by  W.  Jago,  F.C.S.,  F.I.C. 

Inorganic  Chemistry,  Theoretical  and  Practical.    With 

an  Introduction  to  the  Principles  of  Chemical  Analysis  Inorganic  and 
Organic.  With  196  Experiments,  with  49  Woodcuts  and  numerous 
Questions  and  Exercises.     Fcp.  8vo.     2s.  6d 

An  Introduction  to  Practical  Inorganic  Chemistry. 

Crown  8vo.     Is.  6d. 

Inorganic   Chemistry,  Theoretical  and   Practical.    A 


Manual  for  Students  in  Advanced  Classes  of  the  Science  and  Art 
Department.  With  Plate  of  Spectra  and  78  Woodcuts.  Cr.  8vo.  4s.  Gd. 
KOLBE— A  Short  Text-Book  of  Inorganic  Chemistry.  By 
Dr.  Hermann  Kolbe.  Translated  and  Edited  by  T.  S.  Hbmpidge, 
Ph.D.     With  66  Illustrations.     Crown  8vo.     8s.  6d. 

MENDELEEFF— The  Principles  of  Chemistry.  By  D.  Men- 
deleepf,  Professor  of  Chemistry  in  the  University  of  St.  Petersburg. 
Translated  by  George  Kamensky,  A.R.S.M.,  of  the  Imperial  Mint,  St. 
Petersburg,  and  edited  by  A.  J.  Greenaway,  F.I.C,  Sub-Editor  of 
the  Journal  of  the  Chemical  Society.  With  97  Illustrations.  2  vols. 
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MEYER— Outlines  of  Theoretical  Chemistry.  By  Lothar 
Meter,  Professor  of  Chemistry  in  the  University  of  Tubingen.  Trans- 
lated by  Professors  P.  Phillips  Bedson,  D.Sc,  and  W.  Carleton 
Williams,  B.Sc.    8vo.     9s. 

MILLER— Introduction  to  the  Study  of  Inorganic  Chemis- 
try. By  William  Allen  Miller,  M.D.,  LL.D.,  F.R.S.  With  71 
Woodcuts.     Pep.  8vo.    3s.  6d. 

NEWTH — Chemical  Lecture  Experiments.  By  G.  S.  Newth, 
Royal  College  of  Science,  South  Kensington.  With  224  Diagrams. 
Crown  8vo.  '  10s.  6d. 

ODLING— A  Course  of  Practical  Chemistry,  arranged  for  the 
Use  of  Medical  Students,  with  express  reference  to  the  Three  Months 
Summer  Practice.  By  William  Odling,  M.A.  With  71  Woodcuts 
Crown  8vo.    6s. 

OSTWALD — Solutions.  By  W.  Ostwald,  Professor  of  Chemistry 
in  the  University  of  Leipzig.  Being  the  Fourth  Book,  with  some 
Additions,  of  the  Second  Edition  of  Ostwald's  '  Lehrbuch  der  Allge- 
meinen  Cheniie '.  Translated  by  M.  M.  Pattison  Muir,  Professor  of 
Gonville  and  Caius  College,  Cambridge.     8vo.     10s.  6d. 

PA  YEN — Industrial  Chemistry.  A  Manual  for  use  in  Technical 
Colleges  and  Schools,  based  upon  a  Translation  of  Stohmann  and 
Engler's  German  Edition  of  Payen's  'Precis  de  Chimie  Industrielle '- 
Edited  by  B.  H.  Paul,  Ph.D.     With  698  Woodcuts.     8vo.  42s. 

REYNOLDS— Experimental  Chemistry  for  Junior  Students. 

By  J.  Emerson  Reynolds,  M.D.,  F.R.S.,  Professor  of  Chemistry, 

University  of  Dublin  ;  Examiner  in  Chemistry,  University  of  London. 

Pep.  8vo.  with  numerous  Woodcuts. 
Part  I.     Introductory.     Fcp.  8vo.     Is.  Qd. 
Part  II.     Non-Metals,  with  an  Appendix  on  Systematic  Testing  for 

Acids.     Pep.  8vo.    2s.  Qd. 
Part  III.     Metals  and  Allied  Bodies.     Fcp.  8vo.    3s.  6d. 
Part  IV.     Carbon  Compounds.     Fcp.  8vo.    4s. 

SHENSTONE— Works  by  W.  A.  Shenstone,  Lecturer  on  Chemistry 

in  Clifton  College. 
The  Methods  of  Glass-Blowing.     For  the  use  of  Physical 

and  Chemical  Students.     With  42  Illustrations.     Crown  8vo.     Is.  6d. 
A  Practical  Introduction  to  Chemistry.      Intended  to 


give  a  Practical  Acquaintance  with  the  Elementary  Facts  and 
Principles  of  Chemistry.     With  20  Illustrations.     Crown  8vo.     2s. 

THORPE— A  Dictionary  of  Applied  Chemistry.  By  T.  E.  Thorpe, 
B.Sc.  (Vict.),  Ph.D.,  F.R.S.,  Treas.  C.S.,  Professor  of  Chemistry  in  the 
Royal  College  of  Science,  South  Kensington.  Assisted  by  Eminent 
Contributors.     3  vols.  8vo.     Vols.  I.  &  II.    42s.  each.     Vol.  III.     63s. 

Quantitative  Chemical  Analysis.      By    T.    E.    Thorpe, 

Ph.P.,  F.R.S.     With  88  Woodcuts.     Fcp.  8vo.    4s.  6d. 

THORPE  and  MUIR— Manual  of  Qualitative  Analysis  and 
Laboratory  Practice.  By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  and  M.  M. 
Pattison  Muir.     With  57  Woodcuts.    Fcp.  8vo.    3s.  6d. 
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TILDEN— Works  by  William  A.  Tildbn,  D.Sc.  (Lond.),  F.C.S.     . 
Introduction  to  the  Study  of  Chemical  Philosophy. 

TKe  Principles  of  Theoretical  and  Systematic  Chemistry.     With  5 
Woodcuts.    With  or  without  the  Answers  of  Problems.      Fcp.  8vo. 
4s.  6d. 
Practical      Chemistry.        The    Principles     of     Qualitative 


Analysis.     Fcp.  8vo.     Is.  6d. 

WATTS'  Dictionary  of  Chemistry.  Revised  and  entirely  Re- 
written by  H.  Forster  Morley,  M.A.,  D.Sc,  Fellow  of,  and  lately. 
Assistant-Professor  of  Chemistry  in,  University  College,  London  ;  and 
M.  M.  Pattison  Muir,  M.A;,  F.R.S.E.,  Fellow,  and  Praelector  in 
Chemistry,  of  Gonville  and  Caius  College,  Cambridge.  Assisted  by 
Eminent  Contributors.  4  vols.  8vo.  Vols.  I.  &  II.  42s.  each  (ready): 
Vol.  III.,  50s.  (ready).     Vol.  IV.,  [In  the  press. 

WHITELEY -Works  by  R.  Lloyd  Whiteley,  F.I.C.,  Assistant 
Lecturer  and  Demonstrator  in  Chemistry  in  the  University  College, 
Nottingham. 

— —  Chemical  Calculations,    with  Explanatory  Notes,   Problems 
and    Answers,  specially  adapted  for    use  in   Colleges   and    Science 
Schools.     With    a   Preface  by  Professor  F.    Clowes,  D.Sc.  (Lond.)/. 
F.I.C.     Crown  8vo.    2s. 
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ARNOTT— The  Elements  of  Physics  or  Natural  Philosophy. 

By  Neil  Arnott,   M.D.      Edited   by  A.  Bain,   LL.D.,  and   A.   S. , 
Taylor,  M.D.,  F.R.S.    With  numerous  Woodcuts.     Cr.  8vo.    12s.  6d. 

COOK— Physics.  (Specially  adapted  for  Indian  Schools  and  Students.) 
By  J.  Cook,  M.A.,  Principal,  Central  College,  Bangalore.  With 
Examination  Questions  and  206  Illustrations.     Crown.  8vo.    2s.  6d. 

EARL — The  Elements  of  Laboratory  Work :  a  Course  of 
Natural  Science.  By  A.  G.  Earl,  M.A.,  F.C.S.  With  57  Diagrams* 
and  numerous  Exercises,  etc.     Crown  8vo.    4s.  6d.  '  >*• 

GANOT— Works  by  Professor  Ganot.  Translated  and  Edited  by  E. 
Atkinson,  Ph.D.,  F.C.S. 

Elementary  Treatise  on  Physics,  Experimental  and  Applied. 

With  9  Coloured  Plates  and  1028  Woodcuts.     Crown  8vo.  IS*. 
Natural     Philosophy     for     General     Readers     and . 

Young    Persons ;    a   Course   of    Physics    divested   of    Mathematical 

Formulse,  expressed  in  the  language  of   daily  life.     With  7  Plates, ' 

569  Woodcuts,  and  an  Appendix  of  Questions.     Crown  8vo.     7s.  6d. 
GLAZEBROOK  and  SHAW— Practical  Physics.    By  R.  T. 

GlazEbrook,  M.A.,  F.R.S.,  and  W.  N.  Shaw.  M.A.  134  Woodcuts; 

Fcp.  8vo.     7s.  Qd. 
GUTHRIE— A  Class-Book  of  Practical  Physics.      Molecular 

Physics  and  Sound.     By  F.  Gothrie,    Ph.D.     With   91  Diagrams. 

Fcp.  8vo.     Is.  6d. 
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HELMHOLTZ— Popular  Lectures  on  Scientific  Subjects. 
By  Hermann  L.  F.  Helmholtz.  Translated  by  E.  Atkinson,  Ph.D., 
F.C.S.,  formerly  Professor  of  Experimental  Science,  Staff  College. 
With  68  Illustrations.     2  vols.,  crown  8vo.     3s.  6d.  each. 
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of  Geometrical  Axioms — The  Relations  of  Optics  to  Painting- -The  Origin 
of  the  Planetary  System — Thought  in  Medicine— Academic  Freedom  in 
German  Universities — Herman  von  Helmholtz.  An  Autobiographical 
Sketch. 

WORTHINGTON— A  First  Course  of  Physical  Laboratory 

Practice.  Containing  264  Experiments.  By  A.  M.  Worthington, 
F.R.S.,  M.A.     With  Illustrations.     Crown  8vo.     4s.  6d. 

WRIG-HT— Elementary  Physics.  By  Mark  R.  Wright.,  Prin- 
cipal of  the  Day  Training  College,  "Newcastle-on-Tyne.  With  242 
Illustrations.     Crown  8vo.     2s.  6d. 


MECHANICS  AND   MECHANISM. 

BALL— A  Class-Book  of  Mechanics.    By  Sir  R.  S.  Ball,  LL.D. 

89  Diagrams.     Fcp.  8vo.     Is.  6d. 
GOODEVE— Works  by  T.  M.  Goodeve,  MA.,Professor  of  Mechanics' at 

the  Normal  School  of  Science,  and  the  Royal  School  of  Mines. 

Principles  of  Mechanics.     With  253  Woodcuts  and  numerous 

„   Examples.     Crown  8vo.    6s. 

The  Elements  of  Mechanism.    With  342  Woodcuts.    Crown 

8vo.    6s. 

A   Manual  of  Mechanics :    an  Elementary  Text-book  for 


-  Students  of  Applied  Mechanics.  With  138  Illustrations  and  Diagrams, 
and  188  Examples  taken  from  the  Science  Department  Examination 
Papers,  with  Answers.     Fcp.  8vo.    2s.  6d. 

GOODMAN— Applied  Mechanics.    By  John  Goodman. 

[In  preparation.- 

GRIEVE— Lessons  in  Elementary  Mechanics.  By  W.  H. 
Grieve,  P.S.A.,  late  Engineer  R.N.,  Science  Demonstrator  for  the 
London  School  Board,  &c.  Stage  1.  With  165  Illustrations  and  a  large 
number  of  Examples.  Fcp.  8vo.  Is.  Gd.  Stage  2.  With  122  Illustra- 
tions. Fcp.  8vo.  Is.  ed.  Stage  3.  With  103  Illustrations.  Fcp.  8vo. 
Is.  6d. 

MAGNUS— Lessons  in  Elementary  Mechanics.  Introductory 
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of  Candidates  for  the  London  Matriculation  and  other  Examinations. 
With  numerous  Exercises,  Examples,  and  Examination  Questions. 
With  Answers,  and  131  Woodcuts.  By  Sir  Philip  Magnus,  B.Sc, 
B.A. "  Fcp.  8vo.  3s.  6d.  Key  for  the  use  of  Teachers  qnly,  price 
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TAYLOR— Theoretical  Mechanics,  including  Hydrostatics  and 
Pneumatics.  By  J.  E.  Taylor,  M.A.,  Hon.  Inter.,  B.Sc,  Central 
High  Schools,  Sheffield.  With  175  Diagrams  and  Illustrations,  and 
522  Examination  Questions  and  Answers.     Crown  8vo.  2s.  6d. 

THORNTON— Theoretical  Mechanics:  Section  1.  Solids;  to 

cover  the  Advanced  Course  of  Science  and  Art  Department.-  By  A. 
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Theoretical    Mechanics.     With    172    Examples,    numerous 
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GELDARD— Statics  and  Dynamics.  By  C.  Geldard,  M.A., 
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Crown  8vo.     5s. 

GROSS — Elementary  Dynamics  (Kinematics  and  Kinetics).  By  E. 
J.  Gross,  M.A.,  Fellow  of  Gonville  and  Caius  College,  Cambridge. 
Crown  8vo.  5s.  6d. 
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With  numerous  Exercises.  A  Text-Book  for  Junior  Students.  By 
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the  Royal  Naval  College,  Greenwich.     Crown  8vo.     6s. 

SMITH — Works  by  J.  Hamblin  Smith,  M.A.,  of  Gonville  and  Caius 
College,-  Cambridge. 
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Elementary  Hydrpstatics.    Crown  8vo.  3s. 

Key  to  Statics  and  Hydrostatics.    Crown  8vo.    6s. 
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WILLIAMSON  and  TARLETON— An  Elementary  Treatise 
on  Dynamics.  Containing  Applications  to  Thermodynamics,  with 
numerous  Examples.  By  Benjamin  Williamson,  D.Sc,  F.R.S.,  and 
Francis  A.  Tarleton,  LL.D.    Grown  8vo.    10s.  Qd. 
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WORTHINGTON— Dynamics    of  Rotation.  :    an  Elementary 
Introduction  to  Rigid  Dynamics.     By   A.    M.  Worthington,  M.A., ' 
F.R.S.,  Head   Master  and  Professor  of  Physics  at  the   Royal  Naval 
Engineering  College,  Devonport.     Crown  8vo.      3s.  6d. 
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ALEXANDER— Treatise  on  Thermodynamics.  By  Peter 
Alexander,  M.A.,  Lecturer  on  Mathematics,  Queen  Margaret 
College,  Glasgow.     Grown  8vo.    5s. 

DAT— Numerical  Examples  in  Heat.  By  E.  E.  Day,  M.A.  Fcp. 
8vo.   3s.  6d. 

HELMHOLTZ— On  the  Sensations  of  Tone  as  a  Physiological 

Basis  for  the  Theory  of  Music.     By  Professor  Helmholtz.     Koyal 
8vo.    28s. 

MADAN— An  Elementary  Text-Book  on  Heat.    For  the  use  of 

Schools.     By  H.  G.  Madan,  M.A.,  F.C.S.,  Fellow  of  Queen's  College,  - 
Oxford  ;  late  Assistant  Master  at  Eton  College.     Crown  8vo.    9s. 

MAXWELL— Theory  of  Heat.  By  J.  Clerk  Maxwell,  M.A., 
.F.R.SS.,  L.  &  E.  With  Corrections  and  Additions  by  Lord  Rayleigh. 
With  38  Illustrations.     Fcp.  8vo.    4s.  Qd. 

SMITH  (J.  Hamblin)-The  Study  of  Heat.  By  J.  Hamblin 
Smith,  M.A.,  of  Gonville  and  Caius  College,  Cambridge.     Or.  8vo.  3s. 

TYNDALL— Works  by  John  Tyndall,  D.C.L.,  F.R.S.    See  page  11. 

WORMELL— A  Class-Book  of  Thermodynamics.  By  Richard 
Wormell,  B.Sc,  M.A.     Fcp.  8vo.    Is.  6d. 

WRIGHT— Works  by  Mark  R.  Wright  (Hon.  Inter.,  B.Sc,  London). 

^  Sound,  Light  and  Heat.  With  160  Diagrams  and-  Illus- 
trations.    Crown  8vo.    2s.  Qd. 

Advanced  Heat.  With  136  Diagrams  and  numerous  Examples 


and  Examination  Papers.     Crown  8vo.  4s.  6(2. 
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STEAM  AND  THE  STEAM   ENGINE,  &c. 

BALE — A  Handbook  for  Steam  Users ;  being  Notes  on  Steam 
Engine  and  Boiler  Management  and  Steam  Boiler  Explosions.  By 
M.  PowisBale,  M.I.M.E.,  A.M.I.C.E.    Fcp.  8vo.   2s.  U. 

BOURNE— Works  by  John  Bourne,  C.E. 

A  Catechism  of  the  Steam  Engine,  in  its  Various  Applica- 
tions in  the  Arts,  to  which  is  added  a  chapter  on  Air  and  Gas 
Engines,  and  another  devoted  to  Useful  Rules,  Tables,  and  Memor- 
anda.    Illustrated  by  212  Woodcuts.    Crown  8vo.  7s.  6d. 

Recent  Improvements  in  the  Steam  Engine.    With  124 


Woodcuts.     Fcp.  8vo. 

CLERK— The  Gas  Engine,  By  Dugald  Clerk.  With  101  Wood- 
cuts.    Crown  8vo.    7s.  6d. 

HOLMES— The    Steam    Engine.     By    George    C.  V.  Holmes,' 
(Whit  worth  Scholar)  Secretary  of  the  Institution  of  Naval  Architects. 
With  212  Woodcuts.     Fcp.     8vo.     6s. 

RANSOM— Steam  and    Gas  Engine    Governors.    By  H.  B. 

Ransom.  [In  preparation. 

RIPPER— Works  by  William  Ripper,  Member  of  the  Institution 
of  Mechanical  Engineers  ;  Professor  of  Mechanical  Engineering  in 
the   Sheffield  Technical   School 

— Steam.     With  142  Illustrations.     Crown  8vo.    2s.  6d. 


Steam  and  the^  Steam  Engine.    An  Advanced    Course. 

[In  preparation.  " 

SENNETT— The  Marine  Steam  Engine.  A  Treatise  for  the  Use 
of  Engineering  Students  and  Officers  of  the  Royal  Navy.  By  Richard 
Sennett,  R.N.,  Engineer-in-Chief  of  the  Royal  Navy.  With  261 
Illustrations.     8vo.    21s. 

STROMEYER— Marine  Boiler  Management  and  Construc- 
tion. Being  a  Treatise  on  Boiler  Troubles  and  Repairs,  Corrosion, 
Fuels,  and  Heat,  on  the  properties  of  Iron  and  Steel,  on  Boiler 
Mechanics,  Workshop  Practices,  and  Boiler  Design.  By  C.  E. 
Stromeyer,  Graduate  of  the  Royal  Technical  College  at  Aix-la-, 
Chapelle,  Member  of  the  Institute  of  Naval  Architects,  etc.  With 
452  Illustrations.     8vo.    18s.  net. 
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ARCHITECTURE. 

GWILT— An  Encyclopaedia  of  Architecture.  By  Joseph  Gwilt, 
F.S.A.  Illustrated  with  more  than  1100  Engravings  on  Wood. 
Revised  (1888),  with  Alterations  and  Considerable  Additions,  by 
Wyatt  Papworth.     8vo.    52s.  6d. 

MITCHELL— The  Stepping-Stone  to  Architecture  :  explaining 
in  simple  language  the  Principles  and  Progress  of  Architecture  from 
the  earliest  times!  By  Thomas  Mitchell.  With  22  Plates  and  49 
Woodcuts.     18mo.    Is.  sewed. 


BUILDING    CONSTRUCTION. 

Advanced  Building  Construction.  By  the  Author  of '  Rivington's 
Notes  on  Building  Construction'.  With  385  Illustrations.  Crown 
8vo.    4s.  erf. 

BURRELL— Building  Construction.  By  Edward  J.  Burrell, 
Second  Master  of  the  People's  Palace  Technical  School,  London. 
With  303  Working  Drawings.     Crown  8vo.    2s.  6d. 

SEDDON-Builder's  "Work  and  the  Building  Trade.  By 
Colonel  H.  C.  Seddon,  R.E.,  Superintending  Engineer  H.M.'s  Dock- 
yard, Portsmouth  ;  Examiner  in  Building  Construction,  Science  and 
Art  Department,  South  Kensington.  With  numerous  Illustrations. 
Medium  8vo.    16s. 


RIVINGTON'S  COURSE  OF  BUILDING  CONSTRUCTION. 

Notes  on  Building  Construction.  Arranged  to  meet  the  require- 
ments of  the  Syllabus  of  the  Science  and  Art  Department  of  the 
Committee  of  Council  on  Education,  South  Kensington.    Medium  8vo. 

Parti.  First  Stage,  or  Elementary  Course.    With  552  Woodcuts.    10s.  6d. 

Part  II.  Commencement  of  Second  Stage,  or  Advanced  Course.     With, 
479  Woodcuts.     10s.  6d. 

Part  III.  Materials.     Advanced  Course,  and  Course  for  Honours.     With 

188  Woodcuts.     21s. 
Part  IV.  Calculations   for  Building  Structures.    Course  for  Honours. 

With  597  Woodcuts.     15s. 
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ELECTRICITY    AND    MAGNETISM. 

OUMMING— Electricity  treated  Experimentally.  For  the  use 
of  Schools  and  Students.  By  Linnaeus  Gumming,  M.A.,  Assistant 
Master  in  .Rugby  School.    With  242  Illustrations.    Crown  8vo.  4«.  6d. 

DAT— Exercises  in  Electrical  and  Magnetic  Measurements, 
with  Answers.     By  B,  E.  Day.     12mo.    3s.  6d. 

DE  TUNZELMANN— A  Treatise  on  Electricity  and  Mag- 
netism.   By  G.  W.  de  Tunzelmann,  B.Sc,  M.I.E.E.    [In  Preparation. 

GORE— The  Art  of  Electro-Metallurgy,  including  all  known 
Processes  of  Electro-Deposition.  By  G.  Gore,  LL.D.,  F.R.S.  With 
56  Woodcuts.     Fcp.  8vo.     6s. 

JENKIN— Electricity  and  Magnetism.  By  Fleeming  Jenkin, 
F.R.S.S.,  L.  &  E.,  M.I.C.E.    With  177  Illustrations.    Fcp.  8vo.  3s.  6d. 

LARDEN— Electricity  for  Public  Schools  and  Colleges.    By 

W.  Larden,  M.A.     With  215  Illustrations  and  a  Series  of  Examina- 
tion Papers  with  Answers.     Crown  8vo.     6s. 

POYSER— Works  by  A.-  W.  Poyser,  B.A.,  Assistant  Master  at  the 
Wyggeston  Schools,  Leicester. 

Magnetism  and  Electricity.    With  235  Illustrations.    Crown 

8vo.   2s.  6d. 

Advanced  Electricity  and  Magnetism.  With  317  Illus- 
trations.    Crown  8vo.    4s.  6d. 

SLINGO      and     BROOKER— Electrical     Engineering     for 

Electric  Light  Artisans  and  Students.    By  W.  Slingo  and  A.  Broker. 
With  307  Illustrations.     Crown  8vo.    10s.  6d. 

TYNDALL— Works  by  John  Tyndall,  D.C.L.,  F.R.S.    Seep.  11. 


TELEGRAPHY  AND  THE  TELEPHONE. 

CULL.EY— A  Handbook  of  Practical  Telegraphy.  By  R.  S. 
Culley,  M.I.C.E.,  late  Engineer-in-Chief  of  Telegraphs  to  the  Post 
Office.     With  135  Woodcuts  and  17  Plates.     8vo.    16s. 

HOPKINS— Telephone  Lines  and  their  Properties.  By  William 
John  Hopkins,  Professor  of  Physics  in  the  Drexel  Institute  of  Art, 
Science  and  Industry,  Philadelphia.     Crown  8vo.   6s. 

PREECE  and  SIVEWRlGHT— Telegraphy.    By  W.  H.  Preece, 
F.R.S.,    M.I.C.E.,    &c,   Engineer-in-Chief    and    Electrician  to  the 
Post   Office;  and   Sir  J.  Sivewright,  K.C.M.G.,  General  Manager,. 
South  African  Telegraphs.     With  255  Woodcuts.     Fcp.  8vo.  6s. 
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WORKS   BY  JOHN   TYNDALL, 

D.C.L.,  LL.D.,  F.R.S. 


Fragments  of  Science :  a  Series  of  Detached  Essays,  Addresses  and 
Reviews.     2  vols.     Crown  8vo.    16s. 

VOL.  I. : — The  Constitution  of  Nature— Radiation— On  Radiant  Heat  in  relation  to  the 
Colour  and  Chemical  Constitution  of  Bodies— New  Chemical  Eeactions  produced  by  Light 
—On  Dust  and  Disease— Voyage  to  Algeria  to  observe  the  Eclipse— Niagara— The  Parallel 
Roads  of  Glen  Roy — Alpine  Sculpture — Recent  Experiments  on  Fog-Signals— On  the  Study- 
of  Physics — On  Crystalline  and  Slaty  Cleavage— On  Paramagnetic  andDiamagnetic  Forces 
— Physical  Basis  of  Solar  Chemistry — Elementary  Magnetism— On  Force— Contributions  to 
Molecular  Physics— Life  and  Letters  of  Faraday— The  Copley  Medalist  of  1870— The 
Copley  Medalist  of  1871 — Death  by  Lightning. — Science  and  the  Spirits. 

VOL.  XL  :— Reflections  on  Prayer  and  Natural  Law— Miracles  and  Special  Providences— 
On  Prayer  as  a  Form  of  Physical  Energy— Vitality— Matter  and  Force— Scientific  Materi- 
■  alism — An  Address  to  Students— Scientific  Use  of  the  Imagination— The  Belfast  Address — 
Apology  for  the  Belfast  Address— The  Rev.  James  Martineac  and  the  Belfast  Address- 
Fermentation,  and  its  Bearings  on  Surgery  and  Medicine — Spontaneous  Generation- 
Science  and  Man— Professor  Virchow  and  Evolution— The  Electric  Light. 


New  Fragments.     Crown  8vo.     10s.  6d. 

Contents  :— The  Sabbath— Goethe's '  Farbenlehre  '—Atoms,  Molecules  and  Ether  Waves 
—Count  Rumford— Louis  Pasteur,  his  Life  and  Labours— The  Rainbow  and  its  Congeners- 
Address  delivered  at  the  Birkbeck  Institution  on  22nd  October,  1884— Thomas  Young— Life 
in  the  Alps— About  Common  Water— Personal  Recollections  of  Thomas  Carlyle— On  Un- 
veiling the  Statue  of  Thomas  Carlyle— On  the  Origin,  Propagation  and  Prevention  of 
Phthisis— Old  Alpine  Jottings — A  Morning  on  Alp  Lusgen. 


Lectures  on  Sound.  With  Frontis- 
piece of  Fog-Syren,  and  203  other 
Woodcuts  and  Diagrams  in  the  Text. 
Crown  8vo.  10s.  6d. 

Heat,  a  Mode  of  Motion.  With 
125  Woodcuts  and  Diagrams.  Cr. 
8vo.  12s. 

Lectures  on  Light  delivered  in 

the  United  States  in  1872  and  1873. 
With  Portrait,  Lithographic  Plate 
and  59  Diagrams.     Crown  8vo.  5s. 

Essays  on  the  Floating  Matter  of 

the  Air  in  relation  to  Putrefaction 
and  Infection.  With  24  Woodcuts. 
Crown  8vo.  7s.  6d. 

Researches  on  Diamagnetism  and 

Magnecrystallic  Action ;  including 
the  Question  of  Diamagnetie  Polarity. 
Crown  8vo.  12s. 


Notes  of  a  Course  of  Nine  Lectures 

on  Light,  delivered  at  the  Royal 
Institution  of  Great  Britain,  1869. 
Crown  8vo.  Is.  6d. 

Notes  of  a  Course  of  Seven  Lec- 
tures on  Electrical  Phenomena  and 
Theories,  delivered  at  the  Royal  In- 
stitution of  Great  Britaiu,  1870.  Cr. 
8vo.  Is.  6d. 

Lessons    in    Electricity    at    the 

Royal  Institution,  1875-1876.  With 
58  Woodcuts  and  Diagrams.  Crown 
8vo.  2s.  ed. 

Address    delivered    before    the 

British  Association  assembled  at  Bel- 
fast, 1874.  With  Additions.  8vo. 
4s.  6d. 

Faraday  as  a  Discoverer.  Crown 
8vo.  3s.  id. 
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LONGMANS'  CIVIL  ENGINEERING  SERIES. 

Edited  by  the  Author  of  'Notes  on  Building  Construction'. 

The  following  volumes  of  this  new  Series  are  in  preparation,  and  other 
volumes  will  follow  in  due  course  : — 

Tidal  Rivers  :  their  Hydraulics,  Improvement  and  Navigation.  By 
W.  H.  Wheeler,  M.InstC.E.,  Author  of  '  The  Drainage  of  Fens 
and  Low  Lands  by  Gravitation  and  Steam  Power'.  With  75  Illustra- 
tions.    Medium  8vo.     16s.  net.  [Ready. 

Notes  on  Dock  Construction.  By  C.  Colson,  M.InstC.E.  of  H.M. 
Dockyard,  Devonport.  [In  the  press. 

Railway  Construction.  By  W.  H.  Mills,  M.InstC.E.,  Engineer- 
in-Chief,  Great  Northern  Railway,  Ireland.  [In  preparation. 

Calculations  for  Engineering  Structures.  By  T.  Claxton 
Fidler,  M.Inst.C.E.,  Professor  of  Engineering  in  the  University  of 
Dundee  ;  Author  of  '  A  Practical  Treatise  on  Bridge  Construction '. 

[In  preparations 

The  Student's  Course  of  Civil  Engineering.  By  L.  F.  Vernon- 
Harcourt,  M.Inst.C.E.,  Professor  of  Civil  Engineering  at  University 
College.  [in  preparation 


ENGINEERING,  STRENGTH  OF  MATERIALS,  &c. 

ANDERSON— The  Strength  of  Materials  and  Structures  : 

the  Strength  of  Materials  as  depending  on  their  Quality  and  as  ascer- 
tained by  Testing  Apparatus.  By  Sir  J.  Anderson,  C.E.,  LL.D., 
F.R.S.E.     With  66  Woodcuts.     Fcp.  8vo.  3s.  6rf. 

BARRY— Rail-way  Appliances  :  a  Description  of  Details  of  Railway 
Construction  subsequent  to  the  Completion  of  the  Earthworks  and 
Structures.  By  John  Wolfe  Barry,  M.I.C.E.  With  218  Woodcuts. 
Fcp.  8vo.      4s.  6d. 

DOWNING—  Elements  of  Practical  Construction,  for  the  use 

of  Students  in  Engineering  and  Architecture.  By  Samuel- Downing, 
LL.D.  Part  I.  Structure  in  direct  Tension  and  Compression.  With 
numerous  Woodcuts  in  the  Text,  and  a  folio  Atlas  of  14  Plates  of 
Figures  and  Sections  in  Lithography.     8vo.   14s. 

STONEY— The  Theory  of  the  Stresses  on  Girders  and 
Similar  Structures.  With  Practical  Observations  on  the  Strength  and 
other  Properties  of  Materials.  By  Bindox  B.  Stoney,  LL.D.,  F.R.S., 
M.I.C.E.  With  5  Plates  and  143  Illustrations  in  the  Text.  Royal 
8vo.     36s. 

UNWIN— The  Testing  of  Materials  of  Construction.  Em- 
bracing the  Description  of  Testing  Machinery  and  Apparatus  Auxiliary 
,  to  Mechanical  Testing,  and  an  Account  of  the  most  Important  Re- 
searches on  the  Strength  of  Materials.  By  W.  Cawthorne  Unwin, 
B.Sc,  Mem.  Inst.  Civil  Engineers.  With  141  Woodcuts  and  5 
folding-out  Plates.     8vo.    21s. 
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WORKSHOP  APPLIANCES,  &c. 

JAY  and  KIDSON— Exercises  for  Technical  Instruction  in 

Wood -Working.  Designed  and  Drawn  by  H.  Jay,  Technical  instructor, 

Nottingham  School   Board.      Arranged  by  E.   R.    Kidson,  F.G.S., 

Science  Demonstrator,  Nottingham  School  Board.     3  sets,  price   Is. 

each  in  cloth  case.     Set  I.  Plates  1-32.     Set  II.  Plates  33-64.     Set  III. 

Plates  65-87. 
NORTHCOTT— Lathes  and  Turning,   Simple,    Mechanical  and 

Ornamental.      By  W.   H.    Northcott.      With    338    Illustrations. 

8vo.  18s. 
SHELLEY — "Workshop  Appliances,    including  Descriptions    of 

some  of  the  Gauging  and  Measuring  Instruments,  Hand-cutting  Tools, 

Lathes,  Drilling,  Planing  and  other  Machine  Tools  used  by  Engineers. 

By  C.  P.  B.  Shelley,  M.I.C.E.     With  292  Woodcuts.     Fcp.  8vo. 

4s.  6d. 
UN  WIN — Exercises  in  "Wood-Working  for  Handicraft  Classes  in 

Elementary  and  Technical  Schools.    By  William  Cawthorne  Unwin, 

F.R.S.,  M.I.C.E.     28  Plates.     Fcp.  folio.      4s.  6d.  in  case. 


MINERALOGY,  METALLURGY,  &c. 

BAUERMAN— Works  by  Hilary  Bauerman,  F.G.S. 

Systematic  Mineralogy.     With  373  Woodcuts  and  Diagrams. 

Fcp.  8vo.    6s. 

Descriptive  Mineralogy.     With  236  Woodcuts  and  Diagrams. 


Fcp.  8vo. 
BLOXAM  and  HUNTINGTON— Metals :  their  Properties  and 

Treatment.     By  C.  L.  Bloxam  and  A.   K.  Huntington,  Professors 

in  King's  College,  London.     With  130  Woodcuts.     Fcp.  8vo.    5s. 
GORE— The  Art  of  Electro-Metallurgy,  including  all  known 

Processes  of  Electro-Deposition.     By  G.  Gore,  LL.D.,  F.R.S.     With 

56  Woodcuts.     Fcp.  8vo.   6s. 
LUPTON — Mining.     An    Elementary   Treatise  on    the   Getting   of 

Minerals.     By    Arnold    Lupton,    M.I.C.E.,    F.G.S. ,   etc.,   Mining 

Engineer,  Professor  of  Coal  Mining  at  the  Victoria  University,  York- 
~  shire  College,  Leeds.     With  596  Illustrations.     Crown  8vo.  9s.net. 
MITCHELL— A  Manual  of  Practical  Assaying.      By  John 

Mitchell,  F.C.S.     Revised,  with  the  Recent  Discoveries  incorporated. 

By  Wi  Crookes,  F.R.S.     With  201  Illustrations.     8vo.    31s.  6d.. 
RUTLEY— The   Study  of  Rocks;  an   Elementary  Text-Book  of 

Petrology.     By  F.  Rutley,  F.G.S.     With  6  Plates  and  88  Woodcuts. 

Fcp.  8vo.    4s.  ~6d. 
VON  COTTA— Rocks  Classified  and  Described  :   A  Treatise 

on  Lithologv.    By  Bernhard  Von  Cotta.    With  English,  German, 

and  French  *  Synonyms.     Translated  by  Philip  Henry  Lawrence, 

F.G.S.,  F.R.G.S.     Crown  8vo.  14s. 
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MACHINE   DRAWING  AND  DESIGN. 

LOW  AND  BBVIS— A  Manual  of  Machine  Drawing  and 
Design.  By  David  Allan  Low  (Whitvvorth  Scholar),  M.I.  Mech.  E., 
Headmaster  of  the  Technical  School,  People's  Palace,_  London ;  and 
Alfred  William  Bbvis  (Whitvvorth  Scholar),  M.I.  Mech.E.,  Director 
of  Manual  Training  to  the  Birmingham  School  Board.  With  over 
700  Illustrations.     8vo.    7s.  6d. 

LOW— Improved  Drawing  Scales.  By  David  Allan  Low  (Whit- 
worth  Scholar),  Headmaster  ol  the  Technical  School,  People's  Palace, 
London.      4d.  in  case. 

LOW— An  Introduction  to  Machine  Drawing  and  Design. 

By  David  Allan  Low,  Headmaster  of  the  Technical  School,  People's, 
Palace,  London.  With  97  Illustrations  and  Diagrams.  Crown  8vo. 
2s. 
UNWIN— The  Elements  of  Machine  Design.  By  W.  Caw-; 
thorne  Unwin,  F.R.S.,  Professor  of  Engineering  at  the  Central 
Institute  of  the  City  and  Guilds  of  London  Institute.  Part  I.  General 
Principles,  Fastenings  and  Transmissive  Machinery.  With  304  Dia- 
grams, &c.  Crown  8vo.  6s.  Part  II.  Chieliy  on  Engine  Details. 
With  174  Woodcuts.     Crown  8vo.    4s.  6d. 


ASTRONOMY  AND   NAVIGATION. 

BALL— Works  by  Sir  Robert  S.  Ball,  LL.D,  F.R.S. 

Elements  of  Astronomy.     With  136  Figures  and  Diagrams, 

and  136  Woodcuts.     Fcp.  8vo.      6s. 

A  Class-Book  of  Astronomy.     With  41  Diagrams.      Fcp. 


8vo.     Is. 

BCEDDICKER— The  Milky  Way.  From  the  North  Pole  to  10°  of 
South  Declination.  Drawn  at  the  Earl  of  Rosse's  Observatory  at  Birr 
Castle.  By  Otto  Bosddicker.  With  Descriptive  Letterp'ress.  4 
Plates,  size  18  in.  by  23  in.  in  portfolio.  30s. 

BRINKLEY— Astronomy.  By  F.  Brinkley,  formerly  Astronomer 
Royal  for  Ireland.  Re-edited  and  Revised  by  J.  W.  Stubbs,  D.D., 
and  F.  Bronnow,  Ph.D.     With  49  Diagrams.     Crown  8vo.    6s. 

CLERKE— The  System  of  the  Stars.  By  Agnes  M.  Clerke, 
With  6  Plates  and  numerous  Illustrations.     8vo.   21s. 

HERSCHEL  -Outlines  of  Astronomy.  By  Sir  John  F.  W. 
Herschel,  Bart.,  K.H.,  &c.  With  9  Plates  and  numerous  Diagrams. 
Crown  8vo.    12s. 

MARTIN — Navigation  and  Nautical  Astronomy.  Compiled 
by  Staff-Commander  W.  R.  Martin,  R.N.     Royal  8vo.     18s. 

MERRIPIELD— A  Treatise  on  Navigation  for  the  use  of  Students. 
By  John  Merrifield,  LL.D.,  F.R.A.S.,  F.M.S.    Crown  8vo.  5s. 
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PROCTOR— Works  by  Richard  A.  Proctor. 


Old  and  New  Astronomy.  12  Parts, 
2s.  6d  each.  Supplementary  Section, 
1        Complete  in  1  vol.  4to.  36s. 


Is. 


Myths  and  Marvels  of  Astronomy. 

Crown     8vo.      5s.      Silver    Library 
Edition.     Crown  8vo.     3s  6rf. 


The  Moon :  Her  Motions,  Aspect, 
Scenery,  and  Physical  Condition. 
With  many  Plates  and  Charts,  Wood 
Engraving,  and  2  Lunar  Photographs. 
Crown  8vo.  5s. 


The  Universe  of  Stars  :  Researches 
into,  and  New  Views  respecting,  the 
Constitution  of  the  Heavens.  With 
22  Charts  (4  coloured)  and  22  Dia- 
grams.    8vo.  10s.  Sd. 

Other   Worlds    than    Ours:    the 

Plurality  of  Worlds  Studied  under 
the  Light  of  Recent  Scientific  Ke- 
searches.  With  14  Illustrations ; 
Map,  Charts,  &c.  Crown  8vo.  5s. 
Silver  Library  Edition.  Crown  8vo. 
3s.  6d. 


Treatise  on  the  Cycloid  and  all 

Forms  of  Cycloidal  Curves,  and  on 
the  Use  of  Cycloidal  Curves  in  dealing 
with  the  Motions  of  Planets,  Comets, 
&c.  With  161  Dipgrams.  Crown 
8vo.  10s.  6d. 


The  Orbs  Around  Us :  Essays  on  the 
Moon  and  Planets,  Meteors  and 
Comets,  the  Sun  and  Coloured  Pairs 
of  Suns.     Crown  8vo.   5s. 


Light  Science  for  Leisure  Hours : 

Familiar  Essays  ou  Scientific  Subjects, 
Natural  Phenomena,  &c.  3  vols.  Cr. 
8vo.    5s.  each. 

Our  Place  among  Infinites :  Essays 
contrasting  our  Little  Abode  in  Space 
and  Time  with  the  Infinites  around 
us.     Crown  8vo.  5s. 

The  Expanse  of  Heaven :  Essays  on 
the  Wonders  of  the  Firmament.  Cr. 
8vo.  5s. 

New  Star  Atlas  for  the  Library, 

the  School,  and  the  Observatory,  in 
Twelve  Circular  Maps  (with  2  Index- 
Plates).  With  an  Introduction  on  the 
Study  of  the  Stars,  Illustrated  by  9 
Diagrams.     Crown  8vo.  5s. 

Larger  Star  Atlas  for  Observers  and 
Students.  In  Twelve  Circular  Maps, 
showing  6000  Stars,  1500  Double 
Stars,  Nebulae,  &c.  With  2  Index- 
Plates.  Folio,  15s. ;  or  the  Twelve 
Maps  only,  12s.  6d. 

The  Stars  in  their  Seasons :  an  Easy 

Guide  to  a  Knowledge  of  the  Star 
Groups.  In  12  Large  Maps.  Im- 
perial 8vo.  5s. 

The  Star  Primer :  showing  the  Starry 
Sky,  Week  by  Week.     In  24  Hourly 
Crown  4to.  2s.  6d. 


Lessons  in  Elementary  Astro- 
nomy ;  with  Hints  for  Young  Tele- 
scopists.  With  47  Woodcuts.  Fep. 
8vo.  Is.  6d. 


WEBB— Celestial  Objects  for  Common  Telescopes.  By  the 
Rev.  T.  W.  Webb,  M.A.,  F.R.A.S.  Fifth  Edition,  Revised  and  greatly 
Enlarged,  by  the  Rev.  T.  E.  Espin,  M.A.,  F.R.A.S.  2  yols._  Vol.  I. 
now  ready.  With  Portrait  and  a  Reminiscence  of  the  Author.  2 
Plates,  and  numerous  Illustrations.      Crown  8vo.  6s. 
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MANUFACTURES,  TECHNOLOGY,  &c. 

ARNOLD— Steel  Manufacture.    By  J.  0.  Arnold.  [In  preparation. 

MORRIS  AND  WILKINSON— Cotton  Spinning.  By  John 
Morris  and  F.  W.  Wilkinson.  [In  preparation, 

SHARP— The  Manufacture  of  Bicycles  and  Tricycles.    By 

Archibald  Sharp.  [In  preparation. 

TAYLOR— Cotton  Weaving  and  Designing.  By  John  J. 
Taylor,  Lecturer  on  Cotton  Weaving  and  Designing  in  the  Preston, 
Ashton-under-Lyne,  Chorley,  and  Todmorden  Technical  Schools,  &c. 
With  373  Diagrams.     Crown  8vo.   7s.  6d.  net. 

WATTS— An  Introductory  Manual  for  Sugar  Growers.    By 

Francis  Watts,  F.C.S.,  F.I.C.,  Assoc.  Mason  Coll.,  Birmingham, 
and  Government  Chemist,  Antigua,  West  Indies.  With  20  Illustra- 
tions.    Crown  8vo.  6s. 


PHYSIOGRAPHY   AND    GEOLOGY. 

BIRD— Works   by  Charles    Bird,  B.A.,    F.G.S.,   Headmaster  of  the 
Rochester  Mathematical  School. 

Elementary  Geology.     With  Geological  Map  of  the  British 

Isles,  and  247  Illustrations.     Crown  8vo.    2s.  6d. 

Advanced  Geology.  [In  preparation. 


GREEN  —  Physical  Geology  for  Students  and  General 
Readers.  With  Illustrations.  By  A.  H.  Green,  M.A.;  F.G.S.,  Pro- 
fessor of  Geology  in  the  University  of  Oxford.     8vo.     21s. 

LEWIS— Papers    and    Notes    on  the    Glacial    Geology  of 

Great  Britain  and  Ireland.  By  the  late  Henry  Carvill  Lewis,  M.A., 
F.G.S.,  Professor  of  Mineralogy  in  the  Academy  of  Natural  Sciences, 
Philadelphia,  and  Professor  of  Geology  in  Haverford  College,  U.S.A. 
Edited  from  his  unpublished  MSS.  With  an  Introduction  bv  Henry 
W.  Crosskey,  LL.D.,  F.G.S. 

THORNTON— Work  by  John  Thornton,  M.A.,  Headmaster,  Clarence 
Street  Higher  Grade  School. 

Elementary  Physiography:  an  Introduction  to  the  Studv 

of  Nature.  With  10  Maps  and  173  Illustrations.  New  Edition,  with 
Appendix  on  Astronomical  Instruments  and  Measurements.     Crown 


8vo.    2s.  Gd 


Advanced  Physiography.    With  6  Maps  and  180  Illustoa- 


tions.    Crown  8vo.  4s.  6rf 
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HEALTH  AND  HYGIENE. 

BRODRIBB— Manual  of  Health  and  Temperance.  By  T.Brod- 
ribb,  M.A.  With  Extracts  from  Goligh's "' Temperance  Orations'. 
Revised  and  Edited  by  the  Rev.  W.  Ruthven  Pym,  M.A,  Crown 
8vo.     Is.  (id. 

BUCKTON— Health  in  the  House;  Twenty-five  Lectures  on .  Ele- 
mentary Physiology  in  its  Application  to  the  Daily  Wants  of  Man  and 
Animals.  By  Catherine  M.  Buckton.  With  41  Woodcuts  and 
Diagrams.     Crown  8vo.   2s. 

CORFIBLD— The  Laws  of  Health.  By  W.  H.  Corfield,  M.A., 
M.D.     Fcp.  8vo.   Is.  6d. 

FRANKLAND^Micro-Orgamsms  m  Water,  their  Significance, 
Identification,  and  Removal.  Together  with  an  Account  of  the 
Bacteriological  Methods  involved  in  their  Investigation.  Specially 
Designed  for  those  connected  with  the  Sanitary  Aspects  of  Water 
Supply.  By  Professor  Percy  Frankland,  Ph.D.,  B.Sc.  (Lond.), 
F.R.S.,  and  Mrs.  Percy  Frankland. 

POORB— Essays  on  Rural  Hygiene.  By  George  Vivian  Poore, 
M.D.     Crown  8vo.  6s.  6d. 

WILSON— A  Manual  of  Health-Science  :  adapted  for  use  in 
Schools  and  Colleges,  and  suited  to  the  Requirements  of  Students  pre- 
paring for  the  Examinations  in  Hygiene  of  the  Science  and  Art  Depart- 
ment," &c.  By  Andrew  Wilson,  F.R.S.E.,  F.L.S.,  &c.  With  74 
Illustrations.     Crown  8vo.  2s.  6d. 


OPTICS    AND    PHOTOGRAPHY. 

ABNEY— A  Treatise  on  Photography.  By  Captain  W.  de  Wive- 
leslie  Abney,  F.R.S.,  late  Instructor  in  Chemistry  and  Photography 
at  the  School  of  Military  Engineering,  Chatham.     With  Wood- 

cuts.    Fcp.  8vo.    3s.  6d. 

GLAZEBROOK—  Physical  Optics.  By  R.  T.  Glazebrook,  M.A., 
F.R.S.,  Fellow  and  Lecturer  of  Trin.  Coll.,  Demonstrator  of  Physics 
at  the  Cavendish  Laboratory,  Cambridge.  With  183  Woodcuts  of 
Apparatus,  &c.     Fcp.  8vo.     ,6s. 

WRIGHT— Optical  Projection :  a  Treatise  on  the  Use  of  .  the 
Lantern  in  Exhibition  and  Scientific  Demonstration.  By  Lewis 
Wright  Author  of  '  Light :  a  Course  of  Experimental  Optics  '- 
With  232  Illustrations.     Crown  8vo.      6s. 
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PHYSIOLOGY,    BIOLOGY,    &c. 

ASHBY— Notes  on  Physiology  for  the  Use  of  Students 
preparing  for  Examination.  By  Henry  Ashby,  M.D.  With  141 
Illustrations.     Fcp.  8vo.    5s. 

BARNETT— The  Making  of  the  Body :  •  a  Reading  Book  for 
Children  on  Anatomy  and  Physiology.  With  Illustrations  and 
Examples.     By  Mrs.  S.  A.  Barnett.  [In  the  press. 

BIDGOOD— A  Course  of  Practical  Elementary  Biology. 
By  John  Bidgood,  B.Sc,  F.L.S.  With  226  Illustrations.  Crown 
8vo.     4s.  6rf. 

BRAY— Physiology  and  the  Laws  of  Health,  in  Easy  Lessons 
for  Schools.     By  Mrs.  Charles  Bray.     Fcp.  8vo.    Is. 

FURNEAUX— Human  Physiology.  By  W.  Furneaux,  F.R.G.S. 
With  218  Illustrations.     Crown  8vo.    2s.  6d. 

HUDSON  and  GOSSE-The  Rotifera,  or  'Wheel-Animal- 
cules'. By  C.  T.  Hudson,  LL.D.,  and  P.  H.  Gosse.  F.R.S.  With  30 
Coloured  and  4  Uncoloured  Plates.  In  6  Parts.  4to.  10s.  6d.  each  ; 
Supplement,  12s.  6d.    Complete  in  2  vols,  with  Supplement,  4to.  £4  4s. 

MACALISTER — Works  by  Alexander  Macalister,  M.D.,  Professor 
of  Anatomy,  University  of  Cambridge. 

Zoology  and  Morphology  of  Vertebrata.     8vo.   10s.  6d. 

Zoology  of  the  Invertebrate  Animals.  With  59  Dia- 
grams.    Fcp.  8vo.    Is.  6d. 

Zoology  of  the  Vertebrate  Animals.    With  77  Diagrams. 


Fcp.  8vo.    Is.  dd. 

MORGAN— Animal  Biology:  an  Elementary  Text-Book.  By  C. 
Lloyd  Morgan,  Professor  of  Animal  Biology  and  Geology  in  Uni- 
versity College,  Bristol.    With  numerous  Illustrations.   Cr.  8vo.  8s.  6d. 

THORNTON— Human  Physiology.  By  John  Thornton, 
M.A.  With  258  Illustrations,  some  of  which  are  coloured.  Crown 
8vo. 


METEOROLOGY,    &c. 

ABBOTT— Elementary  Theory  of  the  Tides :  the  Fundamental 
Theorems  Demonstrated  without  Mathematics,  and  the  Influence  on 
the  Length  of  the  Day  Discussed.  By  T.  K.  Abbott,  B.D.,  Fellow 
and  Tutor,  Trinity  College,  Dublin.     Crown  8vo.    2s. 

JORDAN — The  Ocean :  a  Treatise  on  Ocean  Currents  and  Tides,  and 
their  Causes.    By  William  Leighton  Jordan,  F.R.G.S.     8vo.    21s. 

SCOTT — Weather  Charts  and  Storm  Warnings.  By  Robert 
H.  Scott,  M.A.,  F.R.S.,  Secretary  to  the  Meteorological  Council. 
With  numerous  Illustrations.     Crown  8vo.   6s. 
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BOTANY. 

AITKEN— Elementary  Text-Book  of  Botany.  For  the  use  of 
Schools.  By  Edith  Aitkbn,  late  Scholar  of  Girton  College.  With 
over  400  Diagrams.     Crown  8vo.  4s.  6d. 

BENNETT    and    MURRAY  —  Handbook    of   Cryptogamic 

Botany.  By  Alfred  W.  Bennett,  M.A.,  B.Sc,  F.L.S.,  Lecturer  on 
Botany  at  St.  Thomas's  Hospital ;  and  George  Murray,  F.L.S., 
Senior  Assistant  Department  of  Botany,  British  Museum.  With  378 
Illustrations.     8vo.    16s. 

EDMONDS— Elementary  Botany.  Theoretical  and  Practical.  By 
Henry  Edmonds,  B.Sc,  London,  With  319  Diagrams  and  Woodcuts. 
Crown  8vo.    2s.  6d. 

KITCHENER— A  Year's  Botany.  Adapted  to  Home  and  School 
Use.  With  Illustrations  by  the  Author.  By  Frances  Anna  Kit- 
chener.    Crown  8vo.    5s. 

LINDLEY  and  MOORE— The  Treasury  of  Botany ;  or,  Popular 
Dictionary  of  the  Vegetable  Kingdom  :  with  which  is  incorporated  a 
Glossary  of  Botanical  Terms.     Edited  by  J.  Lindley,  M.D.,  F.R.S., 
'   and  T.   Moore,  F.L.S.     With  20  Steel  Plates  and  numerous  Wood- 
cuts.    2  Parts.     Fcp.  8vo.     12s. 

McNAB— Class-Book  of  Botany.  By  W.  R.  McNab.'  2  Parts. 
Morphology  and  Physiology.  With  42  Diagrams.  Fcp.  8vo.  Is.  6d. 
Classification  of  Plants.     With  118  Diagrams.     Fcp.  8vo.     Is.  6d. 

THOMlS  and  BENNETT— Structural  and  Physiological 
Botany.  By  Dr.  Otto  Wilhelm  Thom£  and  by  Alfred  W.  Ben- 
nett, M.A.,  B.Sc,  F.L.S.  With  Coloured  Map  and  600  Woodcuts. 
Fcp.  8vo.    6s. 

WATTS— A  School  Flora.  For  the  use  of  Elementary  Botanical 
Classes.     By  W.  Marshall  Watts,  D.Sc,  Lond.     Cr.  8vo.     2s.  6d. 


AGRICULTURE  AND  GARDENING. 

ADDYMAN— Agricultural  Analysis.  A  Manual  of  Quantitative 
Analysis  for  Students  of  Agriculture.  By  Frank  T.  Addyman,  B.Sc. 
(Lond.),  F.I.C.     With  49  illustrations.     Crown  8vo.    5s.  net. 

COLEMAN  and  ADDYMAN— Practical  Agricultural  Che- 
mistry. For  Elementary  Students,  adapted  for  use  in  Agricultural 
Classes  and  Colleges.  By  J.  Bernard  Coleman,  A.B.C.Sc,  F.I.C, 
and  Frank  T.  Addyman,  B.Sc.  (Lond.),  F.I.C.    Crown  8vo.  Is.  6d. 

LLOYD— The  Science  of  Agriculture.   By  F.J.  Lloyd.    8vo.    12s. 
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LOUDON— Works  by  J.  C.  Loudon,  F.L.S. 

. Encyclopaedia  of  Gardening;  the  Theory  and  Practice  of 

Horticulture,  Floriculture,  Arboriculture  and  Landscape  Gardening." 
With  1000  Woodcuts.     8vo.    21s. 

— Encyclopaedia  of  Agriculture  ;  the  Laying-out,  Improvement 

and  Management  of  Landed  Property  ;  the  Cultivation  and  Economy 
of  the  Productions  of  Agriculture.     With  1100  Woodcuts.     8vo.  21s. 

=-n — —  Encyclopaedia  of  Plants  ;  the  Specific  Character,  Description, 
Culture,  History,  &c,  of  all  Plants  found  in  Great  Britain.  With 
12,000  Woodcuts.     8vo.     42s. 

RIVERS— The  Miniature  Fruit  Garden  ;  or,  The  Culture  of  Pyra- 
midal and  Bush  Fruit  Trees.  By  Thomas  T.  F.  Rivers.  With  32 
Illustrations.     Crown  8vo.    4s. 

VILLE — The  Perplexed  Parmer  :  How  is  he  to  meet  Alien  Com- 
petition ?  By  George  Ville.  Translated  from  the  French  by 
William  Crookes,  F.R.S.,  V.P.C.S.,  &c.    Crown  8vo.    5s. 

WEBB— Works  by  Henry  J.  Webb,  Ph.D.,  B.Sc.  (Lond.) ;  late  Principal 
of  the  Agricultural  College,  Aspatria. 

s Elementary  Agriculture.     A  Text-Book  specially  adapted 

to  the  requirements  of  the  Science  and  Art  Department,  the  Junior 
Examination  of  the  Royal  Agricultural  Society  and  other  Elementary 
Examinations.     With  34  Illustrations.     Crown  8vo.     2s'.  6d. 


TEXT-BOOKS  OF  SCIENCE. 

(Adapted  for  the  Use  of  Students  in  Public  or  Science  Schools.) 

Photography,  By  Captain  W.  De  Wiveleslie  Abney  C.B.,  F.R.S. 
105  Woodcuts.     Fcp.  8vo.     3s.  %d. 

The  Strength  of  Material  and  Structures :  the  Strength  of 
Materials  as  depending  on  their  Quality  and  as  ascertained  by  Testing 
Apparatus  ;  the  Strength  of  Structures,  as  depending  on  their  form 
and  arrangement,  and  on  the  materials  of  which  they  are  composed. 
By  Sir  J.  Anderson,  C.E.,  &c.    66  Woodcuts.     Fcp.  8vo.   3s.  6d. 

Railway  Appliances — A  Description  of  Details  of  Railway  Construction 
subsequent- to  the  completion  of  Earthworks  and  Structures,  including 
a  short  Notice  of  Railway  Rolling  Stock.  By  John  Wolfe  Barry, 
M.I.C.E.     218  Woodcuts.     Fcp.  8vo.     4s.  6d. 

Introduction   to  the   Study   of  Inorganic   Chemistry.     By 

William  Allen  Miller,  M.D.,  LL.D.,  F.R.S.     72  Woodcuts    3s.  9rf. 

Introduction  to  the  Study  of  Organic  Chemistry :  the  Chemis- 
try of  Carbon  and  its  Compounds.  By  Henry  E.  Armstrong,  Ph.D., 
F.R.S.    8  Woodcuts.     Fcp.  8vo.     3s.  6d. 

Quantitative  Chemical  Analysis.  By  T.  E.  Thorpe,  F.R.S.,  Ph.D. 
With  88  Woodcuts,     Fcp.  8vo.    4s.  Qd. 
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TEXT-BOOKS  OF  SCIENCE— Continued. 

Qualitative  Analysis  and  Laboratory  Practice.  By  T.  E. 
Thorpe,  Ph.D.,  F.R.S.,  and  M.  M.  Pattison  Muir,  M.A.,  F.R.S.E. 
With  Plate  of  Spectra  and  57  Woodcuts.     Fcp.  8vo.    3s.  6d. 

Introduction  to  the  Study  of  Chemical  Philosophy.  The 
Principles  of  Theoretical  and  Systematical  Chemistry.  By  William 
A.  Tilden,  D.Sc.  London,  F.R.S.  With  5  Woodcuts.  With  or 
without  Answers  to  Problems.     Fcp.  8vo.    4s.  6rf. 

Elements  of  Astronomy.  By  Sir  R.  S.  Ball,  LL.D,  F.R.S.  With 
136  Woodcuts.     Fcp.  8vo.    6s. 

Systematic  Mineralogy.  By  Hilary  Baderman,  F.G.S.  With 
373  Woodcuts.     Fcp.  8vo.     6s." 

Descriptive  Mineralogy.   Bv  Hilary  Bauerman,  F.G.S. ,  &c.    With 

236  Woodcuts.     Fcp.  8vo..   6s. 
Metals,  their    Properties   and  Treatment.    By  0.  L.  Bloxam, 

and  A.  K.  Huntington,  Professors  in  King's  College,  London.     130 

Woodcuts.     Fcp.  8vo.  5s. 
Theory  of  Heat.      By  J.   Clerk  Maxwell,  M.A.,  LL.D.     Edin., 

F.R.SS.  L.  and  E.     New  Edition,  with  Corrections  and  Additions  by 

Lord  Rayleigh.     With  38  Illustrations.     Fcp.  8vo.  4s.  6d. 
Practical  Physics.     Bv  R.  T.  Glazebrook,  M.A.  F.R.S.,  and  W.  N. 

Shaw,  M.A.     With  134  Woodcuts.     Fcp.  8vo.  7s.  6rf. 

Preliminary  Survey.  By  Theodore  Graham  Gribble,  Civil 
Engineer.  Including  Elementary  Astronomy,  Route  Surveying, 
Tacneometry,  Curve-ranging,  Graphic  Mensuration,  Estimates, 
Hydrography,  and  Instruments.     130  Illustrations.     Fcp.  8vo.  6s. 

Algebra  and  Trigonometry.  By  William  Nathaniel  Griffin, 
B.D.  3s.  6<i  Notes  on,  with  Solutions  of  the  more  difficult  Ques- 
tions.    Fcp.  8vo.    3s.  6d. 

The  Steam  Engine.  By  George  C.  V.  Holmes,  Secretary  of  the 
Institution  of  Naval  Architects.     212  Woodcuts.     Fcp.  8vo.    6s. 

Electricity  and  Magnetism.  By  Fleeming  Jenkin,  F.R.SS.,  L. 
and  E.     With  177  Woodcuts.     Fcp.  8vo.    3s.  6d. 

The  Art,  of  Electro-Metallurgy,  including  all  known  Processes  of 
Electro-Deposition.  By  G.  Gore,  LL.D.,  F.R.S.  With  56  Wood- 
cuts.    Fcp.  8vo.    6s. 

Telegraphy.  Bv  W.  H.  Preece,  F.R.S.,  M.I.C.E.,  and  Sir  J. 
Sivewright,  M.A.,  K.C.M.G.     255  Woodcuts.     Fcp.  8vo.     6s.  , 

Physical  Optics.      R.  T.   Glazebrook,    M.A.,  F.R.S.      With    183 

Woodcuts.     Fcp.  8vo.     6s. 
Technical    Arithmetic    and    Mensuration.      By    Charles    W. 

Merrifield,  F.R.S.     3s.  6d.     Key,  by  the  Rev.  John  Hdnter,  M.A. 

Fcp.  8vo.    3s.  6d. 
The  Study  of  Rocks,  an  Elementary   Text-Book  of   Petrology.     By 

Frank  Rdtley,  F.G.S.       With  6   Plates  and   88   Woodcuts.     Fcp. 

8vo.   4s.  6d. 
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TEXT-BOOKS  OP  SCIENCE- 
Workshop  Appliances,  including  Descriptions  of  some  of  the  Gauging 
and  Measuring   Instruments— Hand-Cutting   Tools,  Lathes,  Drilling, 
Planing,  and   other   Machine  Tools  used  by  Engineers.     By  U.  P.  B. 
Shelley,  M.I.C.E.    With  291  Woodcuts.    Fcp.  8vo.    4s.  U. 

Elements  of  Machine  Design.     By  W.  Cawthorne  Unwin,  F.R.S., 
B.  Sc,  M.I.C.E. 
Part  I.  General  Principles,  Fastenings,  and  Transmissive  Machinery. 

304  Woodcuts.     6s. 
Part   II.     Chiefly   on   Engine  Details.     174  Woodcuts.     Fcp.    8vo. 
4s.  6d. 

Structural  and  Physiological  Botany.  By  Dr.  Otto  Wilhelm 
Thome,  and  A.  W.  Bennett,  M.A.,  B.Sc,  F.L.S.  With  600  Wood- 
cuts.    Fcp.  8vo.      6s. 

Plane  and  Solid  Geometry.  By  H.  W.  Watson,  M.A.  Fcp.  8  vo 
3s.  6d. 


ELEMENTARY  SCIENCE  MANUALS. 

Written  specially  to  meet  the  requirements  of  the  Elementary  Stage  of 
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